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EXECUTIVE SUMMARY 
 
Efficient management of domestic wastewater is a primary requirement for human 
well being. Failure to adequately address issues of wastewater collection, treatment 
and disposal can lead to adverse public health and environmental impacts. The 
increasing spread of urbanisation has led to the conversion of previously rural land 
into urban developments and the more intensive development of semi urban areas. 
However the provision of reticulated sewerage facilities has not kept pace with this 
expansion in urbanisation. This has resulted in a growing dependency on onsite 
sewage treatment. Though considered only as a temporary measure in the past, these 
systems are now considered as the most cost effective option and have become a 
permanent feature in some urban areas.  
 
This report is the first of a series of reports to be produced and is the outcome of a 
research project initiated by the Brisbane City Council. The primary objective of the 
research undertaken was to relate the treatment performance of onsite sewage 
treatment systems with soil conditions at site, with the emphasis being on septic 
tanks. This report consists of a ‘state of the art’ review of research undertaken in the 
arena of onsite sewage treatment. The evaluation of research brings together 
significant work undertaken locally and overseas. It focuses mainly on septic tanks in 
keeping with the primary objectives of the project. This report has acted as the 
springboard for the later field investigations and analysis undertaken as part of the 
project. 
 
Septic tanks still continue to be used widely due to their simplicity and low cost. 
Generally the treatment performance of septic tanks can be highly variable due to 
numerous factors, but a properly designed, operated and maintained septic tank can 
produce effluent of satisfactory quality. The reduction of hydraulic surges from 
washing machines and dishwashers, regular removal of accumulated septage and the 
elimination of harmful chemicals are some of the practices that can improve system 
performance considerably. The relative advantages of multi chamber over single 
chamber septic tanks is an issue that needs to be resolved in view of the conflicting 
research outcomes. 
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In recent years, aerobic wastewater treatment systems (AWTS) have been gaining in 
popularity. This can be mainly attributed to the desire to avoid subsurface effluent 
disposal, which is the main cause of septic tank failure. The use of aerobic processes 
for treatment of wastewater and the disinfection of effluent prior to disposal is 
capable of producing effluent of a quality suitable for surface disposal. However the 
field performance of these has been disappointing. A significant number of these 
systems do not perform to stipulated standards and quality can be highly variable. 
This is primarily due to houseowner neglect or ignorance of correct operational and 
maintenance procedures. The other problems include greater susceptibility to shock 
loadings and sludge bulking. As identified in literature a number of design features 
can also contribute to this wide variation in quality. 
 
The other treatment processes in common use are the various types of filter systems. 
These include intermittent and recirculating sand filters. These systems too have their 
inherent advantages and disadvantages. Furthermore as in the case of aerobic 
systems, their performance is very much dependent on individual houseowner 
operation and maintenance practices. In recent years the use of biofilters has attracted 
research interest and particularly the use of peat. High removal rates of various 
wastewater pollutants have been reported in research literature. Despite these 
satisfactory results, leachate from peat has been reported in various studies. This is 
an issue that needs further investigations and as such biofilters can still be considered 
to be in the experimental stage. The use of other filter media such as absorbent 
plastic and bark has also been reported in literature. 
 
The safe and hygienic disposal of treated effluent is a matter of concern in the case of 
onsite sewage treatment. Subsurface disposal is the most common and the only 
option in the case of septic tank treatment. Soil is an excellent treatment medium if 
suitable conditions are present. The processes of sorption, filtration and oxidation can 
remove the various wastewater pollutants. The subsurface characteristics of the 
disposal area are among the most important parameters governing process 
performance. 
 
Therefore it is important that the soil and topographic conditions are taken into 
consideration in the design of the soil absorption system. Seepage trenches and beds 
 iii 
 
are the common systems in use. Seepage pits or chambers can be used where 
subsurface conditions warrant, whilst above grade mounds have been recommended 
for a variety of difficult site conditions. All these systems have their inherent 
advantages and disadvantages and the preferable soil absorption system should be 
selected based on site characteristics. The use of gravel as in-fill for beds and 
trenches is open to question. It does not contribute to effluent treatment and has been 
shown to reduce the effective infiltrative surface area. This is due to physical 
obstruction and the migration of fines entrained in the gravel, into the soil matrix. 
 
The surface application of effluent is coming into increasing use with the advent of 
aerobic treatment systems. This has the advantage that treatment is undertaken on the 
upper soil horizons, which is chemically and biologically the most effective in 
effluent renovation. Numerous research studies have demonstrated the feasibility of 
this practice. However the overriding criteria is the quality of the effluent. It has to be 
of exceptionally good quality in order to ensure that there are no resulting public 
health impacts due to aerosol drift. This essentially is the main issue of concern, due 
to the unreliability of the effluent quality from aerobic systems. Secondly, it has also 
been found that most householders do not take adequate care in the operation of 
spray irrigation systems or in the maintenance of the irrigation area. Under these 
circumstances surface disposal of effluent should be approached with caution and 
would require appropriate householder education and stringent compliance 
requirements. However despite all this, the efficiency with which the process is 
undertaken will ultimately rest with the individual householder and this is where 
most concern rests. Greywater too should require similar considerations. 
 
Surface irrigation of greywater is currently being permitted in a number of local 
authority jurisdictions in Queensland. Considering the fact that greywater constitutes 
the largest fraction of the total wastewater generated in a household, it could be 
considered to be a potential resource. Unfortunately in most circumstances the only 
pretreatment that is required to be undertaken prior to reuse is the removal of oil and 
grease. This is an issue of concern as greywater can considered to be a weak to 
medium sewage as it contains primary pollutants such as BOD material and nutrients 
and may also include microbial contamination. Therefore its use for surface 
irrigation can pose a potential health risk. This is further compounded by the fact that 
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most householders are unaware of the potential adverse impacts of indiscriminate 
greywater reuse. As in the case of blackwater effluent reuse, there have been 
suggestions that greywater should also be subjected to stringent guidelines. Under 
these circumstances the surface application of any wastewater requires careful 
consideration. 
 
The other option available for the disposal effluent is the use of evaporation systems. 
The use of evapotranspiration systems has been covered in this report. Research has 
shown that these systems are susceptible to a number of factors and in particular to 
climatic conditions. As such their applicability is location specific. Also the design of 
systems based solely on evapotranspiration is questionable. In order to ensure more 
reliability, the systems should be designed to include soil absorption. The successful 
use of these systems for intermittent usage has been noted in literature.  
 
Taking into consideration the issues discussed above, subsurface disposal of effluent 
is the safest under most conditions. This is provided the facility has been designed to 
accommodate site conditions. The main problem associated with subsurface disposal 
is the formation of a clogging mat on the infiltrative surfaces. Due to the formation 
of the clogging mat, the capacity of the soil to handle effluent is no longer governed 
by the soil’s hydraulic conductivity as measured by the percolation test, but rather by 
the infiltration rate through the clogged zone. The characteristics of the clogging mat 
have been shown to be influenced by various soil and effluent characteristics. 
Secondly, the mechanisms of clogging mat formation have been found to be 
influenced by various physical, chemical and biological processes. Biological 
clogging is the most common process taking place and occurs due to bacterial growth 
or its by-products reducing the soil pore diameters. Biological clogging is generally 
associated with anaerobic conditions. 
 
The formation of the clogging mat provides significant benefits. It acts as an efficient 
filter for the removal of microorganisms. Also as the clogging mat increases the 
hydraulic impedance to flow, unsaturated flow conditions will occur below the mat. 
This permits greater contact between effluent and soil particles thereby enhancing the 
purification process. This is particularly important in the case of highly permeable 
soils. However the adverse impacts of the clogging mat formation cannot be ignored 
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as they can lead to significant reduction in the infiltration rate. This in fact is the 
most common cause of soil absorption systems failure. As the formation of the 
clogging mat is inevitable, it is important to ensure that it does not impede effluent 
infiltration beyond tolerable limits. 
 
Various strategies have been investigated to either control clogging mat formation or 
to remediate its severity. Intermittent dosing of effluent is one such strategy that has 
attracted considerable attention. Research conclusions with regard to short duration 
time intervals are contradictory. It has been claimed that the intermittent rest periods 
would result in the aerobic decomposition of the clogging mat leading to a 
subsequent increase in the infiltration rate. Contrary to this, it has also been claimed 
that short duration rest periods are insufficient to completely decompose the clogging 
mat, and the intermediate by-products that form as a result of aerobic processes 
would in fact lead to even more severe clogging. It has been further recommended 
that the rest periods should be much longer and should be in the range of about six 
months. This entails the provision of a second and alternating seepage bed. 
 
The other concepts that have been investigated are the design of the bed to meet the 
equilibrium infiltration rate that would eventuate after clogging mat formation; 
improved geometry such as the use of seepage trenches instead of beds; serial instead 
of parallel effluent distribution and low pressure dosing of effluent. The use of 
physical measures such as oxidation with hydrogen peroxide and replacement of the 
infiltration surface have been shown to be only of short-term benefit. Another issue 
of importance is the degree of pretreatment that should be provided to the effluent 
prior to subsurface application and the influence exerted by pollutant loadings on the 
clogging mat formation. Laboratory studies have shown that the total mass loadings 
of BOD and suspended solids are important factors in the formation of the clogging 
mat. It has also been found that the nature of the suspended solids is also an 
important factor. The finer particles from extended aeration systems when compared 
to those from septic tanks will penetrate deeper into the soil and hence will 
ultimately cause a more dense clogging mat. However the importance of improved 
pretreatment in clogging mat formation may need to be qualified in view of other 
research studies. It has also shown that effluent quality may be a factor in the case of 
highly permeable soils but this may not be the case with fine structured soils. 
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The ultimate test of onsite sewage treatment system efficiency rests with the final 
disposal of effluent. The implication of system failure as evidenced from the surface 
ponding of effluent or the seepage of contaminants into the groundwater can be very 
serious as it can lead to environmental and public health impacts. Significant 
microbial contamination of surface and groundwater has been attributed to septic 
tank effluent. There are a number of documented instances of septic tank related 
waterborne disease outbreaks affecting large numbers of people. In a recent incident, 
the local authority was found liable for an outbreak of viral hepatitis A and not the 
individual septic tank owners as no action had been taken to remedy septic tank 
failure. This illustrates the responsibility placed on local authorities in terms of 
ensuring the proper operation of onsite sewage treatment systems.  
 
Even a properly functioning soil absorption system is only capable of removing 
phosphorus and microorganisms. The nitrogen remaining after plant uptake will not 
be retained in the soil column, but will instead gradually seep into the groundwater as 
nitrate. Conditions for nitrogen removal by denitrification are not generally present 
in a soil absorption bed. Dilution by groundwater is the only treatment available for 
reducing the nitrogen concentration to specified levels. Therefore based on 
subsurface conditions, this essentially entails a maximum allowable concentration of 
septic tanks in a given area.  
 
Unfortunately nitrogen is not the only wastewater pollutant of concern. Relatively 
long survival times and travel distances have been noted for microorganisms 
originating from soil absorption systems. This is likely to happen if saturated 
conditions persist under the soil absorption bed or due to surface runoff of effluent as 
a result of system failure. Soils have a finite capacity for the removal of phosphorus. 
Once this capacity is exceeded, phosphorus too will seep into the groundwater. The 
relatively high mobility of phosphorus in sandy soils have been noted in the 
literature. 
 
These issues have serious implications in the design and siting of soil absorption 
systems. It is not only important to ensure that the system design is based on 
subsurface conditions but also the density of these systems in given areas is a critical 
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issue. This essentially involves the adoption of a land capability approach to 
determine the limitations of an individual site for onsite sewage disposal. The most 
limiting factor at a particular site would determine the overall capability 
classification for that site which would also dictate the type of effluent disposal 
method to be adopted. 
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Performance Evaluation of Onsite Sewage Treatment  
Evaluation of Current Research 
 
 
 
 
 
 
1. INTRODUCTION 
 
1.1 Background 
 
Efficient management of domestic wastewater is a primary requirement for human 
well being. Failure to adequately address issues of wastewater collection, treatment 
and disposal can lead to adverse public health and environmental consequences. 
Unfortunately, the cost of providing conventional wastewater collection and 
treatment systems can be prohibitive particularly in sparsely populated areas. This is 
further exacerbated by the increasing financial, social and environmental cost of 
large-scale sewage treatment plants and the need for constant upgrading of facilities 
and associated infrastructure. Under these circumstances, onsite treatment of 
wastewater is seen as an attractive alternative considering its simplicity, relative low 
cost and the application of the principle that waste should be treated at the point of its 
generation. In the past onsite treatment was prevalent in rural and isolated 
communities and in urban fringe areas. In these conditions, onsite treatment of 
wastewater did not merit much attention as their density in a given areas was 
relatively low and there was sufficient land generally available for expanding the size 
or installing new land disposal areas where required. 
 
However this situation is changing very rapidly. The increasing spread of 
urbanisation has led to the conversion of previously rural land into housing 
developments and the more intensive development of semi urban areas. This has also 
resulted in housing development in areas, which are unsuitable for onsite wastewater 
treatment due to various factors such as soil conditions, groundwater table elevation 
and topography. Unfortunately the provision of sewerage facilities has not kept pace 
with this expansion in urbanisation. In the current climate of financial restraint on 
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public spending, this can be attributed to the high initial cost of the infrastructure and 
the excessively long cost recovery period. Therefore it can be surmised that the 
onsite treatment of sewage would not only continue to be employed but would in fact 
be used even more widely.  
 
Initially onsite sewage treatment was considered as a temporary measure until a 
reticulated sewage collection system could be provided. However this situation has 
changed and onsite sewage treatment is now considered to be the most cost effective 
option and have become a permanent feature in some urban areas.  
 
 
1.1 Background to the Report 
 
This document is the first in a series of reports focussing on the onsite treatment of 
sewage. This research project was initiated at the request of the Brisbane City 
Council. The primary objectives of the research undertaken was to relate the 
treatment performance of onsite sewage treatment systems with soil conditions at site 
with the emphasis being on septic tanks. This report consists of a ‘state of the art’ 
review of research undertaken in the arena of onsite sewage treatment. It focuses 
mainly on septic tanks in keeping with the primary objectives of the project. This 
report has acted as a springboard for the later field investigations and analysis 
undertaken as part of the project. 
 
 
1.2 Report Objectives 
 
Dependency on onsite sewage treatment is not without its attendant problems. 
Adverse public health and environmental impacts are an ever-present danger inherent 
in the onsite treatment of sewage. The seemingly low technology of the systems can 
be deceptive and failure is common. This can be attributed to, unsatisfactory design, 
siting and/or inadequate operation and maintenance practices. Therefore it is 
important that in order to prevent public health hazards and for the protection of 
environmental values, stringent regulation of onsite sewage treatment systems is 
enforced. This requires a multi faceted strategy that would encompass: 
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• The development of mechanisms to ensure compliance with relevant standards 
and codes of practice. 
• The continuous improvement and/or development of relevant design criteria 
based on currently available ‘state of the art’ research outcomes. 
• The undertaking of practical research in areas where there is a discernible lack of 
knowledge. 
 
This ‘state of the art’ evaluation of research brings together significant work 
undertaken locally and overseas. It has been undertaken with a two-fold objective. 
Firstly, to critically review relevant research outcomes in the arena of onsite sewage 
treatment. Secondly, to identify important areas where the current knowledge is 
inadequate. In the long term it is hoped that this report will implicitly contribute to 
strengthen regulatory practices governing onsite sewage treatment. 
 
 
1.3 Scope and Outline of the Report 
 
This research review is based mainly on reported research outcomes and focuses 
primarily on septic tanks and soil absorption systems, which together form 
conventional onsite wastewater treatment systems. In these circumstances separating 
the two components is not considered feasible in view of the overall research project 
outlined in Section 1.2 above. Furthermore, it is considered that the behaviour of the 
soil absorption system and the quality of the effluent passing though the different 
components define the quality of performance of the treatment system. 
 
The report critically reviews research outcomes relating to the treatment performance 
of onsite wastewater treatment systems. The report is not meant to act as a design 
manual and does not specifically include design criteria other than in the context 
stated above. 
 
Chapter 2 of the report discusses the various options available for onsite treatment of 
sewage. These options include septic tanks, aerobic wastewater treatment systems 
(AWTS) and different types of filters. Effluent disposal options have been discussed 
in Chapter 3. This includes subsurface disposal, surface application and 
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evapotranspiration systems. Additionally, the issues involved in the surface 
application of greywater have also been discussed briefly. Due to its importance in 
the case of subsurface effluent disposal systems, Chapter 4 has been devoted to 
issues relating to clogging mat formation at the effluent infiltrative surfaces. Chapter 
5 provides a brief overview of the environmental and public health implications of 
system failure and the factors that contribute these occurrences. 
 
 
2. WASTEWATER TREATMENT OPTIONS 
 
This section is not intended to be a detailed discussion of different onsite wastewater 
treatment systems currently in use. Instead it provides a brief discussion of generic 
systems that are more commonly used. The initial treatment of wastewater could be 
either by an anaerobic or aerobic facility. These have their inherent advantages and 
limitations as discussed later in this chapter. In most cases variations between 
treatment systems is after this initial phase and in the treatment and disposal of 
effluent. The most common anaerobic system in use is the septic tank. A septic tank 
together with a soil absorption system can be termed as a conventional wastewater 
treatment system and is the focus of this study. Due to its low cost and low operation 
and maintenance requirements, it is the most economical and popular system in use.  
 
 
2.1 Septic Tanks 
 
A septic tank can be defined as a watertight receptacle designed and constructed to 
be a combined settling and flotation tank. It acts: 
• as an unmixed anaerobic digester providing limited digestion of organic matter; 
• as a sludge storage tank; and, 
• to allow clarified liquid to discharge for further treatment.  
 
Settleable solids and partially decomposed sludge known as septage settle to the 
bottom of the tank whilst a scum of lightweight material rises to the top. The septage 
that accumulates has to be removed at regular intervals (Crites & Tchbanoglous 
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1998, US EPA 1980). Figure 2.1 below illustrates a typical septic tank. The 
following sections discuss the issues pertaining to septic tanks. 
 
 
Figure 2.1 – Typical septic tank (adapted from Crites & Tchobanoglous 1998) 
 
 
2.1.1 Treatment Performance 
The treatment performance of septic tanks is highly variable and is strongly 
susceptible to numerous factors. This includes the characteristics of the influent 
wastewater, such as: 
• Temperature 
• Hydraulic loading 
• Organic loading 
• Hydraulic retention time 
• Presence of toxic chemicals such as cleaners, detergents etc. 
• Presence of fats, oils and grease 
• Septic tank capacity 
• Intermittent surge loading such as discharges from washing machines and 
dishwashers. 
(Bounds 1997; Caldwell Connell 1986; Cotteral & Norris 1969; Kalb et al. 1977; 
Otis et al. 1974; Panswad & Komolmethee 1997; Viraraghavan 1985). 
 
In a review of septic tank performance data from seven different countries, Cotton et 
al. (1996) found that septic tanks in warmer climates provide far greater treatment 
performance in terms of BOD (biochemical oxygen demand) and suspended solids 
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removal when compared to those in temperate climates. They have attributed this to 
enhanced kinetics of BOD and suspended solids removal due to the relatively higher 
atmospheric temperatures. The removal of suspended solids in temperate climates 
was found to be due only to sedimentation, whereas in the case of tropical climates, 
mineralisation of the volatile fractions was also found to play a major role. 
 
Secondly, removal rates are also dependent on the sizing and design features of the 
tank such as: 
• overall dimensions which define hydraulic retention time. 
• compartmentation of the tank. 
• inclusion of appurtenances such as various inlet and outlet devices. 
(Bounds 1997; Caldwell Connell 1986; Cotteral & Norris 1969; Fimmel & Troyan 
1981; Otis et al. 1974; Troyan et al. 1981). 
 
Considering the above it is not surprising that the effluent characteristics from septic 
tanks are highly variable covering a very broad range for all the parameters. Table 
2.1 below gives a concise summary of results obtained from a number of past 
studies. 
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Table 2.1 – Effluent Quality of Septic Tanks 
 
parameter Ref. 1 
7 sites 
Ref. 2 
10 sites 
Ref. 3 
19 sites 
Ref. 4 
4 sites 
Ref. 5 
1 site 
Ref. 6 
1 site 
Ref. 7 
6 sites 
Ref. 8 
 
Ref. 9 
38 sites 
Ref. 10 
38 sites 
Ref. 11 
12 sites 
Ref. 12 Ref. 13 
BOD  mean  138 138 140 240 120 280 125  155 207 320 141  
(mg/L) range 7-480 64-256  70-385 30-280  90-290 90-384 8-550 10-1360 227-415 111-181 120-240 
 samples 150 44 51 21 50  46    3 36  
COD mean  327    200 550        
(mg/L) range 25-780    7-360   150-720      
 samples 152    50         
Suspended  mean  49 155 101 95 39 165 60  145 122 95 161  
solids range 10-695 43-485  48-340 8-270  35-95 40-350 18-610 17-488 73-334 64-594 65-180 
(mg/L) samples 148 55 51 18 47  46    3 36  
Total  mean  45  36   47      39  
nitrogen range 9-125       30-50    33-54 36-45 
(mg/L) samples 99  51         36  
Total  mean       14      11  
phosphorus range        20-30    7-15 6-10 
(mg/L) samples            36  
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Notes on Table 2.1 
Ref. 1 SSWMP, 1978. 
Ref. 2 Weibel, S. R., Straub, C. P. & Thomas, J. R., 1949, Studies on household 
sewage disposal systems, Part 1, Environmental Health Centre, Cincinnati, 
Ohio, as quoted by US EPA 1980. 
Ref. 3 Salvato, T. A., 1955, ‘Experience with subsurface sand filters’, Sewage and 
Industrial Wastes, Vol. 27, No. 8, pp. 909, as quoted by US EPA 1980. 
Ref. 4 Bernhart, A. P., 1967, Wastewater from homes, University of Toronto, 
Toronto, Canada, as quoted by US EPA 1980. 
Ref. 5 Laak, R., 1973, Wastewater disposal systems in unsewered areas, Final 
Report, Connecticut Research Commission, Civil Engineering Department, 
University of Connecticut, Storrs, as quoted by US EPA 1980. 
Ref. 6  Viraraghavan 1976. 
Ref. 7 Otis et al. 1974. 
Ref. 8 Laak 1986. 
Ref. 9 Kayaalp 1997. 
Ref. 10 Kayaalp 1997. 
Ref. 11 Caldwell Connell 1986. 
Ref. 12 Sherman and Anderson (1991). 
Ref. 13 Compliance criteria recommended by DNR (1999) for septic tank effluent. 
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The data given in Table 2.1 illustrates the wide variability of effluent quality of 
septic tanks cited in research literature. Taking into account the reasons given above 
which influence septic tank treatment efficiency, a number of other related reasons 
can also be attributed to this wide variation in effluent quality. These are: 
• Variation in wastewater characteristics with time (Caldwell Connell 1986; 
Viraraghavan 1976). The results obtained could depend on the time of day when 
the samples were taken for testing. Therefore the diurnal variation in effluent 
quality should be taken into account in a sampling program. 
• The excessive accumulation of sludge can lead to hydraulic scouring and re-
entrainment of sludge particles in the effluent stream (Caldwell Connell 1986; 
Viraraghavan 1976).   
• Sludge gasification can also lead to re-entrainment of sludge particles in the 
effluent stream (Caldwell Connell 1986; Viraraghavan 1976). 
• Excessive hydraulic loading leading to reduced residence time and the 
unavailability of quiescent conditions within the tank which is essential for the 
settlement of suspended solids (Caldwell Connell 1986). 
• Excessive hydraulic loading could also be intermittent surges such as discharges 
from washing machines or dishwashers (Caldwell Connell 1986). 
 
There have been attempts made to mathematically model septic tank processes as an 
aid to their design. Okereke (1997) has derived a mathematical model for 
determining BOD removal efficiency, based on process kinetics using data from Sri 
Lanka, Brazil, Zambia, USA and Canada. Results obtained have shown that septic 
tank design could be based on the characteristics of the suspended solids, liquid 
medium, flow rate and the terminal velocity of the solid particles. Considering the 
data requirements and the high degree of variability of the wastewater quality, it is 
unlikely that this type of approach would find practical uses in the near future. To be 
of practical use a more generalised design approach is needed. This in effect means 
the continuing dependency on empirical approaches for septic tank design. 
 
2.1.2 Septic Tank Geometry 
Over the years research has been undertaken to incorporate various design features to 
improve the treatment performance of septic tanks. This work has mainly focussed 
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on structural arrangements within the tank and inclusion of various appurtenances at 
the inlet and outlet. It appears that very limited research has been undertaken with 
regards to septic tank geometry. It was possible to derive the following conclusions 
from the review of research literature: 
 
1. Caldwell Connell (1986), Sewards (1984), Laak (1980) found that there was little 
difference between the performance of dual compartment cylindrical and 
rectangular tanks. 
2. Tanks with a greater surface area and shallower depth are preferable as the 
increased surface area increases surge storage capacity. This is because a given 
inflow volume creates a smaller rise in water depth and thereby a lower discharge 
rate and exit velocity. Therefore hydraulic surges would be dampened as the 
surface area increases allowing more time for the separation of sludge and scum 
(US EPA 1980). 
 
2.1.3 Septic Tank Configuration 
In relation to septic tank configuration there appears to be general consensus that a 
two compartment tank will result in better wastewater treatment than a single 
compartment tank. These conclusions have been based on the results from extensive 
field studies (Caldwell Connell 1986; Laak 1980; SSWMP 1978; US EPA 1980). 
The second compartment will act as a buffer tank, which will smoothen the 
turbulence occurring in the first tank due to incoming flows. Secondly it has also 
been found to remove about 20% of the suspended solids and BOD entering the 
septic tank. A third compartment has not been found to contribute appreciably to 
treatment performance. (Caldwell Connell 1986).  
 
However Crites and Tchobanoglous (1998) have questioned the benefits attributed to 
dual compartment septic tanks. They have quoted research which demonstrate that 
the benefits depend more on the design of the tank rather than the use of two 
compartments. Using field measurements it had been found that a single 
compartment tank could equal or exceed the performance of a two compartment tank 
for the same wastewater volume. Winneberger (1984), Crites and Tchobanoglous 
(1998) have recommended that if a divider if needed, it should be provided in the 
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longitudinal direction as shown in Figure 2.2 as this would improve the removal of 
scum and sludge as the flow path is increased. 
 
Figure 2.2 – Alternate arrangement for the compartmentation of a septic tank  
(adapted from Crites & Tchobanoglous 1998) 
 
Bounds (1997) also quote research studies to conclude that the benefits of 
compartmentation based on evidence available as inconclusive. However at the same 
time, Bounds (1997) has questioned the conclusions by Winneberger (1984) that the 
second compartment is of little value and that it is the management of the flow 
through that should be of concern. This was on the basis that the duration of the 
study by Winneberger (1984) was insufficient for long term prediction. Secondly, the 
study had not addressed how effluent quality is affected as sludge and scum 
accumulate in the primary tank. Otis et al (1974) noted only a slight improvement in 
quality between a three chamber tank when compared with a single tank in terms of 
BOD and suspended solids removal under laboratory conditions. In the field work 
component of this study they had not noted any significant improvement in the 
effluent quality of multi chambered septic tanks. However they have speculated that 
as the sludge builds up over time, the beneficial aspects of multi chamber septic 
tanks could become more apparent.  
 
A possible reason for the greater efficiency of multi chamber septic tanks arises from 
the impact of hydraulic surges. These intermittent rapid inflows from dishwasher or 
washing machines tend to stir up the contents and recombine separated sludge and 
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scum with the supernatant. The baffled entry into the second compartment would 
dampen this mixed liquid leaving the tank as effluent. 
 
Barnes and Wilson (1976) have noted the contradictory nature of the research 
conclusions relating to multiple chamber septic tanks. They have concluded that the 
overall settlement of sludge is unlikely to improve with additional chambers. 
However the settled sludge can rise to the surface due to the gas bubbles produced 
from anaerobic processes in the sludge. In this case a separate chamber would be 
advantageous as the bulk of the settled sludge would be confined to the first chamber 
and the anaerobic processes would mainly take place here. The second chamber 
would guard against this carry over of sludge with the effluent. However it could be 
argued that the provision of baffles will prevent this occurrence.  
 
These very contradictory conclusions have been derived after extensive field 
investigations. It is difficult to speculate on possible reasons for this divergence of 
opinion. A possible reason could be the neglect of the wastewater volume as the 
divider in the tank limits the surface area available for sludge and scum 
accumulation. As Crites and Tchobanoglous (1998) point out, when the same volume 
of wastewater is being treated a single chamber is equal or more efficient than a dual 
chamber. In the studies by Caldwell Connell (1986), Laak (1980), SSWMP (1978) 
and US EPA (1980) there is no evidence that the volume of wastewater treated was a 
factor taken into consideration in the investigation. The issue of septic tank 
compartmentation has important implications in regards to septic tank performance 
and codes of practice. Hence this should merit further investigation in the future. 
 
2.1.4 Other Appurtenances 
This essentially refers to the provision of suitable devices at the inlet and outlet: 
• To prevent turbulence at the inlet or outlet causing re-suspension of sludge 
particles settled at the bottom. 
• To prevent rising gases resulting from anaerobic digestion interfering with sludge 
settling and re-suspension of previously settled sludge. 
• To prevent short circuiting of flow and to ensure adequate residence time for 
optimum removal of suspended solids. 
(US EPA 1980) 
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Any of these occurrences can lead to degradation of the effluent leaving the septic 
tank. This in turn can lead to accelerated failure of the soil absorption system. 
Therefore tees or baffles are provided at the inlet and outlet to limit solids loss (Laak 
1980). The possible arrangements at the outlet are shown in Figure 2.3. 
 
Figure 2.3 – Arrangement of baffles at the septic tank outlet  
(adapted from US EPA 1980) 
 
However Caldwell Connell (1986) have questioned the need for providing deflector 
baffles at the outlet in the case of dual compartment septic tanks. Observations 
during the field investigations undertaken showed that most of the sludge settled at 
the inlet end whilst only a very small proportion collected at the outlet end. 
Secondly, the cross sectional areas of the outlet are relatively very small compared to 
that of the surface area of the second compartment. As such only a very small 
proportion of solids brought to the surface by rising gases or turbulence is likely to 
find their way to the outlet fitting.  
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Bounds (1997) recommends the use of tees at the inlet which will ensure that the 
inflow is directed to the mid-depth of the liquid level. This will enhance the retention 
and accumulation of floating materials and prevent the scum layer from being 
disturbed by the incoming flow. Also the change in direction will dissipate the 
energy of the incoming flow and reduce turbulence. This not only prevents the re-
suspension of settled sludge, but also helps the retention of settleable solids in the 
incoming flow. 
 
 
2.1.5 Hydraulic Retention Time 
This is a crucial design parameter and hence the need to discuss it separately. It is a 
key factor that will dictate the quality of the treatment performance of the septic tank. 
As the retention time increases it permits more time for the removal of settleable 
solids and hence the effluent quality will improve (SSWMP 1978). This translates to 
a larger clear water volume within the septic tank. It would involve the provision of a 
large septic tank and/or more frequent removal of accumulated sludge. In the 
alternative, a lower retention time would translate to a lower clear water volume 
within the septic tank. This would result in more solids being carried through with 
the effluent, leading to accelerated clogging of soil absorption bed. However 
increasing the hydraulic retention time requires economic considerations to be taken 
into account. Based on the results of field investigations, there is a general consensus 
that the minimum hydraulic retention time should be 24 hours (Bounds 1997; 
Caldwell Connell 1986; Troyan et al. 1981; US EPA 1980). 
 
Cotton et al. (1996) in their review of septic tank performance data from seven 
different countries found that by increasing the retention time beyond 24 hours had 
little impact on performance. They have further recommended that cost effective 
septic tank design should be based on suspended solids removal rather than BOD 
removal. This is because, for BOD removal beyond a threshold value would require 
an excessively large capacity septic tank. Therefore in the case of BOD removal, 
greater reliance will have to be placed on the soil absorption system. However Laak 
(1980) has noted that the treatment performance could be improved with far greater 
detention times, in the range of 48 - 72 hours. 
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In determining septic tank capacity it is important to take into account the volume of 
wastewater inflow into the system and to allow for sludge accumulation. In regards 
to wastewater inflow, the volumes recommended in a number of publications are 
given below in Table 2.2. 
 
Table 2.2 – Average wastewater inflow volume 
Author Recommended volume 
(L/c/d) 
Region of study 
Bounds (1997) 190 USA 
Caldwell Connell (1986) 150 Perth 
Cotteral & Norris (1969) 380* California 
Crites & Tchobanoglous (1998) 189 USA 
DNR (1999) 200 Queensland 
Ligman et al. (1974) 180 Wisconsin 
Siegrist et al. (1976) 160 Wisconsin 
SSWMP (1978) 161 Wisconsin 
US EPA (1980) 170 USA 
∗ This figure appears to have been obtained by analysing flows in sewerage systems. This should 
possibly include industrial flows and as such may not be representative for onsite systems from 
purely domestic sources. 
 
 
2.2 Aerobic Systems (AWTS) 
 
As the name implies, the breakdown of pollutants in the wastewater is carried out in 
an aerobic environment. The aerobic environment is generally provided by 
mechanical means (Bailey & Wallman 1971). Aerobic biological treatment processes 
can be employed to remove substantial amounts of BOD and suspended solids that 
are not removed by simple sedimentation such as in a septic tank. An additional 
feature of the process is the nitrification of ammonia in the waste under appropriate 
conditions and the significant reduction of pathogenic organisms.  
 
These systems are commonly referred to as ‘Aerobic Wastewater Treatment Systems 
(AWTS). Each different system has its own individual operational characteristics and 
design features. However their common features are oxygen transfer to the 
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wastewater, intimate contact between microorganisms and wastes and solids 
separation and removal (US EPA 1980). Since the early 1980s these systems have 
been rapidly gaining in popularity (Martin 1999). This could be attributed to the 
following interrelated reasons: 
• The better quality effluent produced by these systems can be discharged at or 
close to the surface over a greater area without odour and other related problems. 
This avoids seepage system failure, which is the main cause of septic system 
failure. 
• A greater environmental awareness among the community and recognition that 
septic tanks can lead to environmental pollution. 
• To avail of the option of wastewater reuse. 
 
There are two generic types of systems that are in common use. The first type is 
where the entire treatment process is aerobic. This generally includes suspended 
growth and fixed growth systems. The second type of system is where an anaerobic 
chamber is employed as an initial pretreatment process. An anaerobic process always 
precedes the aerobic treatment process. There are a large number of proprietary 
systems available within this group. The anaerobic and the aerobic processes can 
take place in different compartments within the same tank or alternately the aerobic 
process can be separate such as a sand filter. 
 
A major advantage of AWTS compared to septic tanks is that the effluent has a very 
much lower clogging effect on the soil absorption system as a significant component 
of the suspended organic matter is oxidised to harmless by-products. The main 
disadvantages of the systems are;  
• higher operating costs; 
• greater susceptibility to shock loadings due to episodic hydraulic or organic 
loading or intermittent usage; 
• sludge bulking; 
• periodic solids discharges and the variation in effluent quality as a result of such 
treatment upsets; and, 
• greater volume and dry mass of sludge produced compared to anaerobic systems 
(Geary & Gardner 1997; Bailey & Wallman 1971; Otis et al. 1974; US EPA 1980).  
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Also just as in the case of septic tanks, some organic materials in the waste stream 
will resist oxidation together with nearly all of the solids. Therefore there is a gradual 
build-up of sludge that must be removed to prevent periodic discharge of sludge 
particles with the effluent.  
 
Despite the technically sound basis used in the development of these systems, their 
field performance has not always lived up to expectations. Numerous evaluation 
studies have been undertaken over the years in Australia and overseas on these 
systems. The results have shown that a significant number of systems generally do 
not perform to stipulated specifications. Table 2.3 and 2.4 below has summarised the 
conclusions of a number of these studies. 
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Table 2.3 – Summary of results of evaluation studies on AWTS performance 
Source Location No of 
sites 
Study results 
Beavers et al. 
(1999) 
Queensland 216 32% of the sites tested complied with the criteria specified by DNR (1999) for BOD5, SS and TC, 42% for 
BOD5 and SS and 69% for TC alone. 
Bennet et al. 
(1975) 
Colorado  The median BOD5 and SS concentration were found to be approximately 150 mg/L 
Brewer et 
al.(1978) 
Prebble County, 
Ohio, USA 
54 41% of the systems were found to have poor effluent quality. 
BCC (1992) Pine Rivers Shire, 
Caboolture Shire, 
Logan City, Albert 
City Council areas. 
20 Whilst average values for BOD5 and free chlorine complied with the existing guidelines, the FC and SS 
did not. 65% of the systems had at least one individual coliform count over 1000 org./100mL whereas the 
existing guidelines requires that no individual count exceed 1000 org./100ml. A number of systems 
consistently gave counts of over 20,000 and the maximum was 3,700,000 org/100mL. 
 Blue Mountains 
City Council 
20 No. of premises complying with the New South Wales Health Department guidelines were; 20% on FC, 
25% on free chlorine and 60% on landscaping.  
 Wollondilly Shire 
Council 
22 No. of premises complying with the New South Wales Health Department guidelines were; 40% on FC, 
19% on free chlorine and 50% on landscaping.  
Hanna et al. 
(1995) 
South West 
Virginia, USA 
5 Effluent exceeded the Virginia standards for BOD5, TSS and FC 60-80% of the time. 
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Source Location No of 
sites 
Study results 
Kayaalp 
(1997) 
South Australia 38 11% of the sites tested complied with the criteria specified by the South Australian Health Commission for 
free residual chlorine and 56% for FC. 
  37 7% of the sites complied with the criteria for free residual chlorine and 43% for FC. 
Khalife 
(1995), 
Khalife & 
Dharmappa 
(1996) 
Campbelltown  
City Council, 
NSW 
27 4% of the sites tested complied with the criteria specified by the Dept. of Health NSW for residual 
chlorine, 30% for BOD5, 22% for SS and 48% for FC. 
Only 4% (one site) complied with all four criteria, 15% with three, 33% with two and 48% of the sites did 
not meet any of the four criteria. 
Kinhill 
(1997) 
Caboolture Shire 
Council, 
Queensland 
67 58% of the systems failed to meet the Caboolture Shire Council criteria (similar to DNR (1999) in respect 
of BOD5 and SS), 77% of the systems were able to meet the BOD5standards, 70% of the systems met the 
SS standards and 61% of the systems met the FC criteria. 
 
Notes 
BOD Biochemical oxygen demand 
SS Suspended solids 
FC Faecal coliforms 
TC Thermotolerant coliforms 
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Table 2.4 – Evaluation studies on AWTS performance 
Parameter Ref. 1 
4 sites 
Ref. 2 
5 sites 
Ref. 3 
146 sites 
Ref. 4 
55 sites 
Ref. 5 
5 site 
Ref. 6 
8 sites 
Ref. 7 
27 sites 
Ref. 8 
10 sites 
Ref. 9 
67 sites 
Ref. 10 
8 sites 
Ref. 11 
BOD5  mean  37 47 92 144 36 13 39 31 5 30 ≤ 20 
(mg/L) Range 0-208 10-280  10-824 3-170  4-122 9-80 2-130 25-55  
 Samples 112 86 146 393 124    31 27  
COD mean  108   385  550      
(mg/L) Range 20-349   88-1030        
 Samples 116   108        
Suspended  mean  39 94 94 122 57 17 180 49 18 65 ≤ 30 
solids Range 3-252 18-692  17-768 4-366  8-1853 6-164 0-76 35-60  
(mg/L) Samples 117 146 51 251 132    30 28  
Total  mean  36        4  ≤ 30 
nitrogen Range 19-78        0-66   
(mg/L) Samples 87        31   
Total  mean  26        8  ≤ 10 
phosphorus Range 6-140        0-16   
(mg/L) Samples 80        31   
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Notes on Table 2.4 
Ref. 1 SSWMP, 1978. 
Ref. 2 Bernhart, 1967, Wastewater from homes, University of Toronto, Toronto, 
Ontario, as quoted by SSWMP, 1978. 
Ref. 3 Voell, A. T. and Vance, R. A., 1974, Home aerobic wastewater treatment 
systems experience in a rural county, Ohio Home Sewage Disposal 
Conference, Ohio State University, Columbus, Ohio, as quoted by SSWMP, 
1978. 
Ref. 4 Tipton, D. W., 1975, Experience of a country health department with 
aerobic sewage treatment systems, Jefferson County Health Department, 
Lakewood, Colorado, as quoted by SSWMP, 1978. 
Ref. 5 Glasser, M. B., 1974, Garrett County Home Aeration Wastewater Treatment 
Project, Bureau of Sanitary Engineering, Maryland State University 
Department of Health and Mental Hygiene, Baltimore, Maryland, as quoted 
by SSWMP, 1978. 
Ref. 6 McClelland, N. I., 1976, NSF programs relating to individual onsite 
wastewater disposal. Presented at the Northwest Onsite Wastewater 
Disposal Short Course, University of Washington, Seattle, Washington, as 
quoted by SSWMP, 1978. 
Ref. 7 Khalife (1995), Khalife and Dharmappa (1996). 
Ref. 8 Brewer et al. (1978). 
Ref. 9 Kinhill (1997). 
Ref. 10 Otis et al. 1974 
Ref. 11 Compliance criteria recommended by DNR (1999) for septic tank effluent. 
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As the data in Table 2.3 and 2.4 illustrate, a significant number of these systems do 
not perform to required standards. A major problem commonly identified in the 
literature is the high variability in treatment performance. Much of the variability can 
be explained in terms of suspended solids data. The removal of suspended solids can 
be no better than in the case of septic tanks (Khalife 1995; Otis et al. 1973; SSWMP 
1978). The reason for this is the washout of solids which occasionally occurs as 
sludge builds up to a point where a discharge will take place. Sludge bulking can also 
be responsible for the solids discharge (Otis et al 1974; US EPA 1980). This is 
further compounded by the fact that in some systems the design itself does not 
provide a barrier to solids carryover. Therefore excess carryover of solids from the 
primary settling tank will simply flow through the system along with the final 
effluent (Beavers et al. 1999; Khalife 1995). Another factor that can further 
aggravate this situation is the sensitivity of systems to hydraulic surge flows where 
there is a secondary settling unit as shown in Figure 2.4 (Bennet et al. 1975; Otis et 
al. 1974).  
 
Figure 2.4 – Schematic diagram of an aerobic unit with a secondary settling 
chamber (adapted from Bennet et al. 1975) 
 
These units can be sufficiently small to be adversely affected by the surge flows, 
which characterise individual domestic wastewater discharges. This would allow 
little time for adequate treatment to take place. Bennet et al. (1975) notes that in units 
as shown in Figure 2.4, the suspended solids concentration in the effluent was 
essentially the same as in the aerobic chamber. This would mean that the system 
would function more as aerated ponds rather than extended aeration units. Therefore 
the combination of pollutant load surges together with the rather short detention time 
could be the major determinant of treatment efficiency of these systems. A major 
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problem with activated sludge type systems is when the system is under loaded such 
as when the house occupants are away on holidays. The floc breaks down to form 
‘pin flocs’ which is difficult to settle and will disappear over the outlet weir and the 
biomass is washed out. This situation can be further exacerbated by over aeration and 
hydraulic surges (Barnes & Wilson 1976). 
 
The need for adequate maintenance by the householder to ensure satisfactory 
performance has been identified by many researchers . This in a way can be 
considered as a major disadvantage of these systems when compared to septic tanks. 
Common problems identified in literature include: 
• Breakdown of electrical and mechanical equipment (Asbury & Hendrickson 
1982; Brewer et al. 1978; Hanna et al. 1995; Kayaalp 1998). 
• The use of chlorine tablets for disinfection can be ineffective either due to faulty 
dispenser design and lack of control over dosing, or householder neglect in 
replacing chlorine tablets (Beavers et al. 1999; Hanna et al. 1995; Kayaalp 1998; 
Khalife 1995; Kinhill 1997; Sauer 1976). 
• Inadequate frequency of removal of solids in the settling tank leading to solids 
carryover (Bailey & Wallman 1971; Beavers et al. 1999; Khalife & Dharmappa 
1996; Otis et al. 1974; US EPA 1980). 
 
As Table 2.3 and 2.4 above, illustrate, some systems are able to provide good quality 
effluent. This indicates that the main problem associated with these systems is not 
primarily due to design factors but rather due to ongoing operation and maintenance 
issues (Beavers et al. 1999; Khalife 1995). This has been a common theme echoed in 
the evaluation studies cited in Table 2.3 and 2.4 and as such could be considered as 
the major drawback associated with these systems. 
 
 
2.3 Filter Systems 
The more common systems in usage are discussed below. 
 
2.3.1 Intermittent Sand Filters 
Intermittent sand filtration can be defined as the intermittent application of 
wastewater to a granular bed with the effluent percolating through the media being 
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collected and discharged as final effluent (US EPA 1980). It is generally used to 
polish effluent from septic tanks or aerobic treatment processes. The final effluent 
disposal could be by subsurface or surface application. Properly designed and 
operated systems have been shown to produce effluent of very high quality (Ball 
1997; Hills & Krone 1971; Pell et al. 1990). However as discussed in Section 2.2 
above, these systems are still dependent on the operation and maintenance practices 
adopted by the individual houseowners for satisfactory performance. Therefore most 
of the issues discussed in Section 2.2 are also relevant here. Other factors, which 
influence treatment performance, are: 
• characteristics of the wastewater applied to the filter; 
• environmental conditions within the filter; 
• design characteristics of the filter. 
(Nichols et al. 1997; US EPA 1980). 
 
As the hydraulic loading rate or the waste concentration in the influent is increased, 
the percentage removal of all pollutants will decrease (Latvala 1993; Nichols et al. 
1997). Schudel and Boller (1990) noted that the considerable quality fluctuations at 
the hydraulic peak discharge was strongly dependent on the instantaneous hydraulic 
surge. 
 
The removal mechanisms involved in filter operations are physical straining, 
sedimentation and chemical adsorption. However the successful treatment of 
wastewater is dependent on the biochemical processes taking place within the filter. 
As such the interstices between the grains can eventually clog. Clogging is generally 
caused by physical, chemical and biological factors. The processes involved are 
similar to a soil absorption field in a conventional treatment system. Here too the 
dominant clogging mechanism is dependent on the wastewater characteristics, 
method and rate of wastewater application, characteristics of the filter media and 
filter environmental conditions (US EPA 1980). 
 
Kristiansen (1981b) using experimental sand filter trenches found that a clogged 
filter was more efficient in the removal of microorganisms than an unclogged filter. 
He has noted that the intermittent loading of wastewater leading to the 
decomposition of the clogging mat may have undesirable impacts on the purification 
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process. Therefore Kristiansen (1981b) has recommended that effluent application 
should be in small doses to reduce these effects. Similar conclusions were derived by 
Boller et al. (1993) based on the results of full-scale studies using a buried sand filter. 
They found that more frequent flushing at low loads was preferable to less frequent 
flushing at high loads for the treatment of the same daily amount of wastewater. 
Also, as in the case of soil absorption systems, pretreatment of the effluent was 
important to ensure satisfactory operation. A common problem that affects all types 
of sand filters is the unsatisfactory treatment of effluent for a period of time after 
prolonged resting (Scherer 1982). In order to improve the filtering process the use of 
stratified filters have been proposed by Gross and Mitchell (1990) and Nichols et al. 
(1997). These generally consist of a number of different layers of sand of decreasing 
grain size with depth. 
 
 
2.3.2 Recirculating Sand Filters 
This is a modification of the intermittent sand filter where the filter receiving the 
effluent from the pretreatment process is further diluted by water that has already 
been through the filter. It additionally involves the use of a recirculation chamber for 
mixing the different effluents. A typical arrangement is shown in Figure 2.5. A 
recirculation ratio of 4:1 has been recommended by SSWMP (1978). Loudon and 
Birnie (1991) have reported on the satisfactory performance of a two-year study of a 
nine year old system subjected to very high hydraulic loading. The system was 
installed on marginal soils in terms of effluent disposal and the site would not have 
been approved for a conventional septic tank system under the prevailing regulations 
in Michigan, USA. 
 
Figure 2.5 – Typical arrangement of a recirculating sand filter  
(adapted from US EPA 1980) 
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2.3.3 Biofilters 
Biofilters are essentially systems, which employ naturally occurring organic 
materials for the aerobic filtering process. These systems are becoming increasingly 
popular with time. Considerable research interest has been shown towards the use of 
peat in wastewater treatment. Peat has significant polar characteristics. The chemical 
composition and particulate nature of the peat makes it an effective adsorbent and 
filtering medium for the purification of wastewater. Viraraghavan (1993) in a review 
of laboratory and field studies undertaken using peat has reported very high removal 
rates for all major wastewater pollutants such as organic matter, nutrients and 
microorganisms.  
 
However despite the high removal rates of various wastewater pollutants, leachate 
from the peat have also been reported in various studies. This includes: 
• organic matter and nutrients (Viraraghavan & Ayyaswami 1989). 
• colour (Coleman & Gaudet 1994). 
• acidic effluent (Lens et al. 1994). 
 
Additionally, a number of innovative systems have been discussed in research 
literature. Some of these are still in an experimental stage whilst others are beginning 
to establish a commercial market. Lens et al. (1994) have discussed the use of a filter 
consisting of layers of peat and bark. Jowett and McMaster (1995) have reported the 
use of absorbent plastic media. This material does not clog under high hydraulic 
loads unlike peat or sand. Irish (1996) discusses a system which employ worm casts 
as trickle bed filters to aerate the wastewater and breakdown organic matter in 
sewage. 
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3. EFFLUENT DISPOSAL 
 
The disposal of final effluent from an onsite wastewater treatment plant is of crucial 
importance. The process adopted can have far reaching consequences including 
public health, environmental, social and legal ramifications. These issues have been 
discussed in greater detail in Chapter 5. 
 
Effluent disposal is commonly land based and as such a number of important issues 
has to be taken into consideration in selecting the most suitable process. These 
include: 
• quality of the effluent; 
• area available for disposal; 
• subsurface considerations such as soil characteristics, seepage pathways, depth to 
the water table and the depth of the pervious soil layer; 
• topographic considerations such as ground elevation; 
• climatic conditions such as temperature, rainfall etc.; 
• presence of landscape features such as aquatic environments, drinking water 
wells; 
• legal and planning requirements. 
 
The options available can be broadly classified as subsurface disposal, surface 
irrigation, evaporation or a combination of different processes. These processes have 
been discussed below. 
 
 
3.1.1 Subsurface Disposal 
Subsurface disposal is the preferred method for the disposal of septic tank effluent. 
The effluent from a septic tank has a high concentration of BOD, nutrients, faecal 
microorganisms and odour, making it unsuitable for discharge into open water or 
land surface. Figure 3.1 shows the major components and pathways involved in the 
subsurface disposal process. 
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The soil within the disposal area plays a crucial role in the further treatment of the 
effluent. Therefore the subsurface characteristics of the disposal area are among the 
most important parameters governing the performance of the process. This method of 
effluent disposal has the advantage that the effluent can be of an inferior quality than  
 
Figure 3.1 –Pathways in land disposal of effluent  
(adapted from Bouma et al. 1972) 
 
in the case of surface irrigation. Under suitable soil conditions, the soil is an 
excellent treatment medium and requires minimal wastewater pretreatment 
(Viraraghavan & Warnock 1976; US EPA 1980). Soil materials can be an effective 
filter, both with respect to faecal microorganisms and to chemical compounds where 
conditions are suitable. As the effluent percolates through the soil the processes of 
sorption, filtration and oxidation will purify it (Bouma et al. 1972; Miller & Wolf 
1975).  
 
Sorption 
Sorption refers to the binding of one substance to another. This can be through the 
mechanisms of: 
• Absorption – where a substance is totally taken in by another. 
• Adsorption – where a substance is bound to another on the surface. 
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• Persorption – adsorption of materials in pores only slightly larger than the 
diameter of the adsorbed molecule. 
 
The large surface area within the soil pore space is chemically and electrostatistically 
active and possesses a great capacity for the sorption of suspended solids and 
dissolved substances (Ellis 1973; Miller & Wolf 1975). 
 
Filtration 
The mineral skeleton of the soil and the subsequent crust formation acts as an 
efficient physical filter. This not only helps to remove suspended solids, but also 
serves to retain microorganisms and facilitate the biological treatment of dissolved 
and suspended organic matter (Miller & Wolf 1975; Thomas 1973). 
 
Oxidation 
Effluent contains a variety of organic compounds collectively expressed in terms of 
the biochemical oxygen demand, chemical oxygen demand or the total organic 
carbon content. Effluent renovation requires oxygen not only for the oxidation of 
carbonaceous materials, but also for the nitrification of organic and ammonia 
nitrogen. In the case of a well aerated soil, this oxygen requirement is provided via 
diffuse soil pores or dissolved oxygen percolating through the zone. Therefore as the 
effluent slowly percolates through the soil it provides sufficient oxygen for the 
bacteria to consume the organic loading. 
 
The ability of the soil to treat effluent is an important consideration in view of the 
fact that septic tanks do not provide effluent of a quality suitable for direct surface 
disposal. Where site conditions permit, subsurface soil absorption is usually the 
method for effluent disposal because of its simplicity, stability and low cost. 
However it is very important that soil and topographic conditions are taken into 
consideration in the design of the soil absorption system. The continuous application 
of effluent causes a clogging mat to form at the infiltrative surfaces of the absorption 
area. This has beneficial aspects. However it can substantially reduce the infiltrative 
rate through the soil. Fortunately the clogging mat seldom seal the infiltrative surface 
completely. Generally an equilibrium condition is reached where effluent will 
percolate through at an almost constant rate. This will of course vary for different 
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soil types (Bouma 1975; Bouma et al. 1972; Siegrist 1986). Considering the fact that 
subsurface soil absorption is by far the most popular method of effluent disposal and 
the crucial role played by the clogging mat that develops on the infiltrative surface, 
the pertinent issues in this regard have been discussed separately in Chapter 4. The 
subsurface disposal of effluent can be undertaken either by: 
• trenches and beds 
• seepage pits or chambers 
• mounds 
 
In a given situation the preferable subsurface soil absorption system would depend 
on site characteristics. Critical factors would include physical characteristics such as 
soil gradation, chemical characteristics such as the presence of various metallic 
cations and exchangeable sodium percentage, and biological characteristics such as 
the presence of organic matter and microorganisms, soil depth over the water table or 
the presence of an impermeable layer and the size of the area available for disposal 
(US EPA 1980).  
 
 
3.1.1 Trenches and beds 
The typical arrangement of these systems is shown in Figure 3.2 below. The essential 
difference between the two is that in the case of beds more than one effluent 
distribution pipe is laid on the excavated and gravelled backfilled area. These two 
systems are the most commonly employed systems in the subsurface disposal of 
effluent. They are acceptable in situations where the soils are moderately permeable 
and remain unsaturated for a reasonable depth below the system. Trenches and beds 
require relatively large area extents and are dependent on the upper soil horizons for 
treatment.  
 
The bottom and sidewalls of the excavation act as infiltrative surfaces. At the initial 
stages of commissioning of a subsurface disposal field, most of the effluent would 
infiltrate through the soil. However with time and as the clogging layer develops, 
ponding of effluent will take place. Losses due to evapotranspiration would still take 
place, but there would be a net collection of effluent in the absorption bed. At this 
stage the sidewalls would also contribute to the infiltration process (Bouma et al. 
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(a) - absorption bed 
 
(b) - absorption trench 
Figure 3.2 – Typical layouts of soil absorption trench and bed  
(adapted from Geary 1987) 
 
1972; Caldwell Connell 1986; Kropf et al. 1977; US EPA 1980). However in the 
case of a bed, the proportion to the side wall area will be relatively small and may 
not play a significant role. This is one of the main advantages in the use of trenches 
over beds. The use of trenches also hold other advantages. In the case of sloping 
ground conditions, trenches can be laid following ground contours. Additionally, 
there is less likely to be damage to the infiltrative surface by construction machinery 
as these can straddle the trench rather than having to move on the surface. Beds 
would be preferable in sites which are relatively level. Also they require less land 
area for construction and are more economical in terms of construction cost. Other 
related issues with regards to beds and trenches are further discussed in Chapter 4. 
 
 
3.1.2 Seepage Pits or Chambers 
Seepage pits or chambers are essentially deep excavations with a floor of soil and 
porous walled sides for the subsurface disposal of sewage effluent. The chamber 
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system could have a number of different configurations. It could be similar to that of 
a seepage pit or could have a shallow linear form. The system helps to provide 
temporary storage of effluent during periods of high flow generation and to maintain 
an exposed soil surface for the infiltration of the effluent (Tyler et al. 1991). In this 
situation the sidewalls play a much greater role in the infiltration of effluent. A 
typical arrangement is shown in Figure 3.3  
 
Figure 3.3 – A typical effluent disposal chamber (adapted from US EPA 1980) 
 
These systems have a number of advantages when compared to conventional bed or 
trench systems. Most importantly there is more efficient use of the land available for 
effluent disposal and therefore pits or chambers can be used in situations where land 
availability is limited. 
 
The relatively greater depth of effluent ponding in a chamber results in higher 
hydraulic gradient acting on its base. This theoretically should result in a higher 
infiltration rate. Hoxie and Frick (1984) undertaking an evaluation study of soil 
absorption systems in Maine USA found that the ratio of failure rate of beds to 
chambers was 10:1 even though the chambers were 50% smaller than beds. This 
result however should be tempered with the fact that the installation ratio of beds to 
chambers  in Maine was 8:1. Secondly, the relative ages of the beds and chambers 
have not been mentioned. This is an important factor, which influences treatment 
performance. It would well be that the majority of the beds that failed were relatively 
older than the chambers. Tyler et al. (1991) is an evaluation study of prototype 
chamber and gravel cells found that the infiltration rate varied according to the 
climate. However the infiltration rate for chamber cells were always higher than for 
gravel cells. Gravel filled cells are comparable to conventional trenches and beds. 
 33 
 
These conclusions confirm the observations made by Hoxie and Frick (1984) about 
the better performance of chamber systems when compared to beds and trenches. Dix 
and May (1996) have cited a number of studies undertaken by various state and local 
authorities in USA confirming the comparable performance of chamber systems 
which were 50-60% smaller in size to gravel bed systems.  
 
May (1991) notes an important and often neglected aspect of the construction of soil 
absorption systems. This relates to the use of gravel in trenches and beds. As he 
points out there is no evidence or theoretical basis to conclude that gravel play a role 
in effluent treatment. It can be concluded that its primary functions are purely for 
structural purposes such as: 
• to support the sidewalls of the soil excavation preventing its collapse; 
• to dissipate energy from the incoming effluent which might erode the infiltrative 
surface; 
• to support the effluent distribution pipe; and, 
• to provide a media through which the wastewater can flow from the pipe to reach 
the infiltrative surface. 
(Amerson et al. 1991). 
 
As Daniel and Bouma (1974) have pointed out, in the case of a seepage bed the 
effective infiltrative surface is reduced by 40% by the gravel fill. Siegrist (1986) in 
research relating to clogging mat formation in soil absorption systems noted the 
distinct lack of organic matter accumulation in locations where the gravel aggregate 
was in direct contact with the soil infiltrative surface. The aggregate was effective in 
masking the soil beneath it from effluent infiltration. In summary, May (1991) has 
noted the following problems associated with the use of gravel in soil absorption 
systems: 
• Compaction of moist soil by the weight and impact of gravel during installation 
leading to reduced pore spaces. 
• Creation of a low permeability layer due to the migration of fines entrained with 
gravel. 
• Physical obstruction of the soil interface by the aggregate resulting in reduced 
effective infiltrative surface for effluent absorption. 
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Amerson et al. (1991) have evaluated the influence on infiltration rates due to fines, 
compaction and reduced contact area by gravel. Using two gravel types of median 
particle size of 3cm and 1cm they have concluded that fines are a potentially greater 
problem when compared to compaction and contact area effects in newly constructed 
soil absorption systems. However Amerson et al. (1991) were unable to arrive at 
more definitive conclusions due to the lack of statistically significant data. 
 
Despite the many advantages that seepage pits and chambers have to offer, there are 
also a number of important disadvantages. This primarily relates to the depth 
required, as the sidewall is the dominant infiltrative surface in effluent disposal. This 
in turn translates to the need for having suitable soil horizons that can cater to this 
requirement. Secondly, it is important to ensure that there is sufficient separation 
between the bottom of the pit and the high water table to prevent possible 
groundwater contamination. The need to satisfy these important criteria limits the use 
of these systems in effluent disposal. 
 
 
3.1.3 Mounds 
The mound system has been developed to ensure efficient effluent disposal catering 
to a variety of difficult subsurface conditions. The system consists of an above grade 
soil absorption system which relies on selected sand fill and the top soil layers to 
purify effluent. The system is designed to take advantage of the upper soil horizons 
to supplement the renovation processes taking place in the sand mound. It is 
important to note that this upper soil layer is the biologically and chemically the most 
active layer in a typical soil as it is well aerated and soil microorganisms are more 
active in this zone (Maurer 1976). Magdoff et al. (1974a,b) have discussed the 
chemical and biological reactions taking place in a mound system based on 
laboratory column experiments. In recent years important research in this regard was 
undertaken at the University of Wisconsin, Madison, USA which led to the 
development of the ‘Wisconsin Mound System’ (Maurer 1976). A schematic of this 
system is illustrated in Figure 3.4. 
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Based on the evaluation of 40 existing systems Converse and Tyler (1987) have 
claimed that these systems could be placed in the following extreme situations, 
where the use of conventional trench or bed system may not be appropriate: 
• high water tables approaching 25 cm from the surface. 
• soils of low permeability with permeabilities in the moderately low to low 
categories. 
• on slopes up to 20-25%. 
• on filled ground. 
 
Figure 3.4 – Typical arrangement of the Wisconsin Mound System  
(adapted from Converse & Tyler 1984) 
 
Figure 3.5 below illustrates effluent movement within and away from the mound for 
four different subsurface profiles. 
 
As Figure 3.5 shows, in slowly permeable soils, the mound serves to improve the 
absorption of the effluent by utilising the more permeable topsoil. In soils with high 
water table, creviced bedrock or shallow permeable soil, it provides the necessary 
treatment of the effluent prior to reaching the existing subsurface. Research has 
confirmed that mounds can treat septic tank effluent to satisfactory quality to permit 
percolation into the groundwater (Bouma et al. 1975b; Converse & Tyler 1984, 
1987; US EPA 1980). 
 
The common failure modes for mounds are: 
1. excessive ponding within the absorption area or leakage from the toe of the 
mound. 
2. plugging of the distribution network resulting in excessively long dosing times. 
(US EPA 1980; Converse & Tyler 1984, 1987). 
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Ponding generally occurs due to: 
• severe clogging at the bottom of the absorption area; 
• severe clogging at the interface of the fill material and the natural soil surface; 
• the sand fill being too fine; and/or, 
• the loading rate being too high. 
 
Plugging of the effluent distribution network generally occurs due to: 
• damage to pipe during installation; 
• excessive solids in the effluent; 
• tree roots; and/or, 
• collection of slime and other microflora growth on the pipe orifices. 
 
Converse and Tyler (1984, 1987) have noted the phenomenon of seasonal ponding 
taking place in a mound. They have attributed this to reduced microflora activity 
during the winter season. This however may not be applicable to tropical or 
subtropical climates. Converse and Tyler (1984, 1987) have further noted permanent 
ponding taking place in the sand fill containing significant amounts of small to 
medium sand.  
 
 37 
 
 
Figure 3.5 – Effluent movement in a mound for different subsurface conditions 
(adapted from Converse & Tyler 1984) 
 
 
3.2 Surface Application 
 
3.2.1 General Comments 
Surface disposal of treated effluent is an attractive alternative in situations where 
ground conditions do not permit efficient subsurface disposal. It is also gaining 
increasing community interest in the context of ecological sustainability, recycling 
and the treatment of waste as a resource. These concepts have great validity and 
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require serious consideration. However in order to use effluent for surface irrigation 
its quality should be of a sufficiently high standard to prevent adverse environmental 
and associated health impacts. Use of poor quality effluent can pose dangers to 
humans and animals. This is particularly relevant in urban areas as population 
density is much higher and land area available are considerably smaller compared to 
rural areas. 
 
 
3.2.2 Overview of Techniques 
Land application methods can be broadly classified into: 
• surface irrigation 
• overland flow 
• rapid infiltration. 
(Balkau & Evans 1984; US EPA 1981). 
 
In the case of effluent disposal from onsite domestic sewage treatment systems, 
surface irrigation of lawns and gardens can be considered to be the most feasible. 
Spray irrigation of treated effluent is possible as the treated effluent is applied 
uniformly to the soil surface and hence can be applied at lower surface loading rates. 
This provides the opportunity to utilise the entire renovative capacity of the soil. 
However as Balkau and Evans (1984) have pointed out, the design of these systems 
should be based not only on hydraulic criteria but also on soil chemistry, leachate 
and groundwater impacts and problems of surface runoff. 
 
Monett et al. (1991) and Monnett (1992) have described a study undertaken at two 
sites employing effluent spray irrigation. Both sites were located on marginal soils 
unsuitable for subsurface disposal of effluent. Monitoring of leachate water quality, 
quality of surface runoff water, soil and plant tissue analysis and soil moisture status 
was undertaken. Water quality at a 60cm depth indicated no potential groundwater 
contamination problems, the runoff quality indicated no serious threat to surface 
water and the plant tissue analysis indicated that the plant uptake of nitrogen was a 
large nitrogen sink during the growing season. Rubin and Carlile (1991) had 
undertaken a similar study where a spray irrigated site was monitored for six years. 
They have also concluded that the soil and runoff did not suffer adverse impacts due 
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to the effluent spraying. In both studies discussed above, spray rates of 1.25 and 2.5 
cm/week were adopted for different sections of the land area. 
 
A year long study undertaken by Hathaway and Mitchell (1984) derived similar 
conclusions. Their study consisted of the comparison of quality of stormwater runoff 
from a plot irrigated with sand filter treated effluent and potable water and a control 
site, which was not irrigated. An average effluent application rate of 2.5cm/week was 
employed. Monnett et al. (1995) has noted that nitrogen removal by denitrification 
via spray irrigation can fluctuate due to the alternating aerobic and anaerobic 
conditions created in the soil. The frequency of which is dictated by the effluent 
irrigation cycle. The nitrogen removal process will be efficient if the 
microbiologically active topsoil layer is used judiciously. Most of the available 
carbon required as an energy source is also concentrated in this region. Therefore by 
splitting the effluent application rate into 2 to 3 cycles per day would result in the 
effluent being confined to the top soil layer. Monnett (1992) has recommended the 
more frequent application of smaller volumes to reduce the amount of nitrate 
leachate. Secondly, evapotranspiration would also have a greater influence on 
effluent removal as disposal is confined to the upper soil layers. 
 
There are two important points to note in the studies discussed above. Firstly, a slow 
rate of spraying in the range of 1.25 – 2.5 cm/week was employed. This in turn 
translates to the need for a relatively large area for effluent disposal. Secondly, it is 
probable that the quality of effluent used for spraying had a significant influence on 
the study results. The data provided by Monnett (1992) does confirm that the effluent 
was of good quality and generally within guidelines commonly specified by 
regulatory authorities (for example DNR 1999). In fact the primary objective of the 
research undertaken by Mote et al. (1991) and Sauer (1976) was the evaluation of 
treatment process for producing effluent of quality suitable for surface irrigation. 
Kleene et al. (1993) compared stormwater runoff quality from a test plot irrigated 
with treated domestic effluent and two control plots with one being irrigated with 
potable water and other receiving no irrigation water. They did not find any 
discernible difference in bacteriological quality from the three test plots. The effluent 
used for irrigation was of good quality. 
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3.2.3 Issues of Concern 
Most published research relating to land application of effluent is in the arena of 
municipal wastewater treatment. Despite the fact that domestic wastewater has a 
much greater variability in quality, it is possible to draw general conclusions in 
regards to primary issues of concern. The main issues of concern are: 
• public health 
• land requirement  
• effluent quality 
• improper disposal system operation. 
(Balkau & Evans 1981; Harlin 1978; Khalife 1995). 
 
A. Public Health 
Concerns about health impacts relate to pathogens and the transmission of disease 
through direct contact, inhalation of spray mist and indirect spread on food crops 
(Balkau & Evans 1981; Harlin 1978). Table 3.1 below lists the environmental factors 
that affect the survival and dispersion of bacteria and virus (Scherer 1982). 
 
Table 3.1 – Environmental factors that affect the survival and dispersion of 
bacteria and virus (Scherer 1982) 
Factor Remarks 
Relative humidity High relative humidity retards droplet evaporation and 
organism die-off. Most organisms will survive longer under 
these conditions. 
Wind speed High wind speed will increase aerosol transmission. 
Sunlight The ultraviolet radiation in sunlight is deleterious to 
microorganisms. 
Temperature Increase in temperature can also reduce the viability of 
microorganisms in aerosols. 
 
The problem of health impacts can be overcome to a great extent by ensuring 
adequate disinfection of effluent prior to irrigation. Unfortunately the unreliability of 
both, the onsite wastewater treatment quality and the treatment mechanisms available 
for disinfection have been noted by many researchers (Beavers et al. 1999; Khalife & 
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Dharmappa 1996; Hanna et al. 1995; Kayaalp 1997; Khalife 1995; Kinhill 1997). 
Also as discussed in Section 3.2.3D and as Khalife (1995) has pointed out, spray 
irrigation systems have a number of inherent problems associated with the use of 
incorrect equipment and/or the incorrect operation of the equipment. This would 
further exacerbate the problems associated with effluent quality. This was discussed 
in detail in Section 2.2 of the report. Furthermore, chlorinated wastewater is not 
totally virus free (Wellings et al. 1974). Wellings et al. (1974) using secondary 
treated and chlorinated effluent from a wastewater treatment plant for spray irrigation 
noted the presence of virus from spray at the ground surface. At a spray rate of 
5cm/week virus also survived percolation through 6 m of sandy soil. This could well 
mean that the quality of the effluent would have had a significant influence on the 
study results and emphasises once again the need to have good quality effluent for 
surface disposal. Scherer (1982) has cited a number of studies, which have shown 
that continual exposure to low levels of pathogens builds immunity to infectious 
diseases. However this situation would be applicable to employees in sewage 
treatment plants rather than to the general public who may be subjected to occasional 
exposure. 
 
Heavy metals in applied effluent are also of concern because of their potential uptake 
by plants, and thereby their entry into the food chain. During wastewater treatment a 
large percentage of the heavy metals are accumulated in the sludge fraction. As such 
most past research in this regard tend to be concentrated on the land application of 
septage rather than on effluent application (Harlin 1978). A study by Reynolds et al. 
(1978) on a site, which had received municipal wastewater effluent for 20 years, 
found that the alfalfa grown there did not have harmful accumulation of heavy 
metals. 
 
B. Land Requirement 
The land required for surface disposal can be excessive when compared to 
subsurface disposal of effluent. The studies by Monnett (1992), Monnett et al. (1995) 
and Rubin and Carlile (1991) which were discussed previously were undertaken in 
rural areas where sufficient land was available for slow rate spray irrigation. The 
land required for surface application of effluent would in turn depend on the 
application rate. These two interrelated factors would depend on parameters such as 
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climatic conditions including precipitation and evaporation, subsurface 
characteristics of the site, vegetative cover and other topographic conditions such as 
ground slope. Inadequate consideration of these issues would lead to hydraulic over 
loading and surface runoff of effluent. 
 
However the sites discussed above were located in areas which were not conducive 
to subsurface disposal. Therefore this could mean that it would be possible to 
increase the surface application rates at urban locations where more suitable 
conditions are present and land availability is restricted. It also means that surface 
application is not an option in the case of urban areas situated on marginal soils. 
Kinhill (1997) in their study for the Caboolture Shire Council have recommended a 
minimum lot size of 3,000sq m for red and yellow podzolic soils and 3,500sq m for 
gleyed podzolics and humic gley soils. 
 
The land requirement applies not only to the area required for surface application but 
also the buffer area needed between adjacent properties, drinking water wells, 
dwellings, surface water sources and other sensitive environments. Buffer zones are 
very important as most of the health issues related to surface application can be 
attributed to aerosol drift (Balkau & Evans 1981; Monnett 1992). There is no 
universally accepted criteria for determining the width of the buffer strip due to the 
many variables involved. This includes climatic and topographic conditions, effluent 
application rate, wind speed, type of equipment used and the vegetative cover. 
WPCF (1990) recommends a width of 60m or more for systems using sprinklers in 
populated areas. US EPA (1981) recommends a minimum buffer zone of 15m for 
systems in forest areas. 
 
C. Effluent Quality 
This issue has been discussed previously in Section 3.2.2 and 3.2.3A. Therefore it 
will not be further discussed here. However it should be noted that the concerns 
regarding surface application ultimately relates to the effluent quality. Secondly, 
evaluation studies undertaken on onsite sewage treatment systems performance have 
consistently reported on the unsatisfactory effluent quality of a significant percentage 
of the systems investigated. In fact Scherer (1982) found it necessary to develop a 
special sand filter to obtain effluent of satisfactory quality. It was a stratified sand 
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filter with three different sand gradations with air spaces at the interface between 
each layer. This situation would be acceptable in remote locations but not in urban 
areas due to population density and the smaller sizes of the land allotments.  In the 
case of surface application the limiting factor is generally the effluent quality, 
particularly nitrogen rather than the water assimilative capacity of the soil (Monnett 
1992). 
 
D. Improper Disposal System Operation 
Even if the effluent is of satisfactory quality it is still imperative that it is disposed in 
a hygienic manner. This can only heighten any public health impacts inherent in 
surface application of effluent. Khalife (1995) in an evaluation of 27 surface disposal 
systems in the Campbelltown City Council area of NSW found that only five systems 
or 19% were functioning satisfactorily. The problems stemmed from the irrigation 
area or the malfunctioning of equipment. This is additional to the problems relating 
to effluent quality discussed in Section 3.2.3A. The common problems listed by 
Khalife (1995) are: 
• Inadequate irrigation area or use of unsuitable spray heads leading to hydraulic 
overloading of the disposal area. 
• Irrigation area being used for recreation and/or accessed by vehicles and 
livestock. 
• Spray heads being blocked by solids. 
• Inadequate landscaping of the irrigation area. 
• Use of improper spray heads leading to excessive spray heights and increased 
likelihood of aerosol drift. 
 
Kinhill (1997) has also noted similar observations. In an evaluation of 67 surface 
irrigated sites, only 12% were found to have dedicated garden beds. 
 
 
3.2.4 Surface Application of Greywater 
The wastewater generated in the kitchen, bath and laundry has been classified as 
greywater in this report. A discussion on this issue was considered important as a 
number of local authority jurisdictions in Queensland permit the spray irrigation of 
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greywater without undertaking any treatment other than the removal of oil and grease 
using a grease trap. Also, greywater constitutes a large proportion of the wastewater 
generated in a household. The percentage of greywater compared to the total 
wastewater generated has been estimated variously as 60—80% (Jeppesen & Solley 
1994; Kalb et al. 1977; Ligman et al. 1974; Siegrist et al. 1976; SSWMP 1978).  
 
Therefore its separation from the blackwater generated in the toilet would be greatly 
advantageous in many aspects. The size of the onsite sewage treatment and effluent 
disposal system can be significantly reduced. Furthermore due to the volume 
involved it can be regarded as a potential resource for outdoor use such as gardening. 
However as Beavers (1995) has pointed out, the quality of greywater should first be 
assessed to determine whether there are any potential health risks and environmental 
impacts associated with its use. As greywater had originally been used for various 
purposes within the household it is contaminated with organic matter, pathogens and 
chemicals from detergents and household cleaning products (Jeppesen & Solley 
1994). The quality of greywater is highly variable and depends on family habits and 
domestic product usage patterns. As illustrated in Table 3.2 below, the proportion of 
primary pollutants can be significant. The high suspended solids concentration in the 
greywater would also mean that any disinfection method used will reduce 
proportionately in effectiveness (Jeppesen & Solley 1994). 
 
Table 3.2 – Percentage of primary pollutants in greywater when compared to 
blackwater 
 parameter Ligman et al. 
(1974) 
Siegrist et al. 
(1976) 
Siegrist 
(1977)* 
 BOD5 70% 78% 63% 
 suspended solids 72% 64% 39% 
 total nitrogen 5% 5% 18% 
 total phosphorus 67% 67% 70% 
         *   Average values obtained from a number of different studies. 
 
The study undertaken by Jeppesen and Solley (1994) has shown that the chemical 
constituents in greywater such as heavy metals may not pose a significant danger. A 
comparison of greywater quality parameters with values for raw sewage and potable 
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water by Beavers (1995) has been partly reproduced as Table 3.2. The results show 
that greywater has characteristics similar to that of a weak to medium sewage. 
 
Despite issues such as pollutant concentrations in greywater, the primary issue of 
concern should be its microbiological quality (Siegrist 1977). This is because where 
greywater is being used for purposes such as gardening, the potential public health 
impacts are of importance. Table 3.4 summaries the results of a number of studies 
undertaken in this arena. Additionally, as microorganisms will multiply in the 
greywater, pathogenic contamination will increase with storage (Jeppesen & Solley 
1994).  
 
Table 3.3 – Typical composition of greywater (adapted form Beavers 1995) 
Parameter greywater Raw sewage Tap water 
 range mean   
Suspended solids 
(mg/L) 
45-330 113 280  
BOD5 (mg/L) 90-290 159 320  
Nitrate (mg/L) <0.1   10 
Nitrite (mg/L) <0.1-0.8 0.3  1.0 
Ammonia (mg/L) <1.0-25.4 5.3 15  
Total Kjeldahl Nitrogen 
(mg/L) 
2.1-31.5 11.6 40  
Total Phosphorus 
(mg/L) 
0.6-27.3 8.1 18 3.1 
Sodium (mg/L) 29-230 73 70 200 
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Table 3.4 – Microbiological characteristics of greywater 
source  shower clothes wash clothes rinse 
Rose et al. (1991) FCa 6x103 199 126 
 TCa 105 56 25 
Siegrist et al. (1976) FCb 1-2,500 9-16,000 35-7,100 
 TCb 70-8,200 85-890,000 190-150,000 
Lechte et al. (1994) FCc 170-3.3x103 110-1.09x103 
 TCc 500-2.4x107 2.3x103-3.3x105 
a   colony forming no. per 100 mL 
b   range no. per 100 mL 
c   maximum probable no. per 100 mL 
 
The data given in Table 3.4 above demonstrate that the microbiological quality of 
wastewater can pose a health risk. As BCC (1992) has noted that based on 
monitoring results obtained, the microbial quality of greywater and effluent from 
poorly maintained sewage treatment plants are very similar. In these circumstances 
the direct re-use of greywater should be strictly controlled. Beavers (1995) provides 
general recommendations in this regard. However despite the most stringent of 
guidelines, the efficiency with which the process is undertaken ultimately rests with 
the individual householder. Many of the studies discussed above, have noted the poor 
quality of effluent due to unsatisfactory maintenance and operation of onsite sewage 
treatment systems. The same concerns can be expressed in regards to the disposal of 
greywater. This is further compounded by the fact that most householders are 
unaware of the adverse environmental implications of indiscriminate surface 
application of greywater. Kinhill (1997) in their evaluation of onsite sewage 
treatment systems for the Caboolture Shire Council, noted that only 2% of the sites 
employing septic tanks and surface disposal of greywater had dedicated disposal 
areas. In fact the model guidelines proposed by Jeppesen (1996) has recommended 
the subsurface application of greywater for reuse as there is less risk involved when 
compared to surface application. Similar recommendations have been made Lechte et 
al. (1995). 
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3.3 Evaporation Systems 
 
There are two basic types of evaporation systems in use. This discussion will cover 
only evapotranspiration systems with and without infiltration. The use of lagoons and 
ponds have not been discussed as these systems are not commonly employed for 
effluent disposal from single homes. Similarly, constructed wetlands, planted soil 
filters, reed bed systems have also not been discussed for the same reasons. 
 
 
3.3.1 General Comments 
Evaporation systems can be used where conditions are not conducive to subsurface 
disposal of effluent. This could be in situations such as; 
• soils of low permeability 
• soils of very high permeability 
• high watertable 
• shallow soils over creviced bedrock. 
 
The main advantage of these systems is that they utilise the natural energy of the sun 
and optionally in the case of combined infiltration systems, the purification 
capabilities of the soil for effluent disposal. In systems where infiltration into the soil 
is not permitted, an impervious membrane to prevent the percolation of effluent into 
the groundwater seals the bed. Therefore effluent is removed by a combination of 
evaporation and transpiration. The systems function by raising the effluent to the 
upper portion of the bed by the capillary action of the sand bed provided and then 
evaporating it to the atmosphere. Secondly, the vegetation transports water from the 
root zone to the leaves where it is transpired. Where the bed is not sealed, a fraction 
depending on the soil conditions will be removed by seepage into the soil (Crites & 
Tchobanoglous 1998; Slater 1981; US EPA 1980). Typical arrangement of a 
evapotranspiration bed is shown in Figure 3.6. 
 48 
 
 
 
Figure 3.6 – Typical layout of an evapotranspiration bed 
(adapted from Slater 1981) 
 
 
3.3.2 Factors Affecting Performance 
The main factors affecting the performance of evapotranspiration systems are: 
• climate 
• hydraulic loading 
• characteristics of the sand bed 
• vegetative cover 
• soil permeability where there is soil absorption 
(Bernhart 1974; Slater 1981; US EPA 1980) 
 
A. Climate 
Due to the nature of the processes involved, climate is one of the most important 
factors which influences treatment performance. Consequently, the seasonal 
variations in climatic conditions have to be taken into consideration in the design of 
these beds. Prolonged periods of cold or wet weather have been cited as one of the 
main reasons for the failure of evapotranspiration systems in a survey of local 
authorities in Victoria (Slater 1981). This is not surprising considering the diversity 
of climatic factors such as solar radiation, temperature, humidity, wind velocity, 
precipitation and their seasonal variation which can influence treatment performance 
(Frank 1996; McGrath et al. 1991). In order for these systems to function properly 
the evapotranspiration rate should exceed the effluent inflow plus the precipitation 
rate. Therefore in times of cold or wet weather it is important that additional capacity 
is available for the storage of extra effluent. Tanner and Bouma (1975) and Maurer 
(1976) have noted the problems of designing systems exclusively on the basis of 
evapotranspiration removing the effluent. In fact Caldwell Connell (1986) have noted 
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that the rainfall and evaporation patterns in Perth area are such that 
evapotranspiration systems cannot provide a satisfactory alternative for long-term 
performance. However Brouwer and Bugeja (1983) found that evapotranspiration 
plays an important role in effluent disposal in the climatic conditions experienced in 
Victoria. Other than in a few arid areas, the concerns about climatic conditions are 
applicable equally to most tropical as well as temperate zones. Therefore soil 
absorption too needs to play a significant role in order to minimise land area needed 
for effluent application (Hart 1997; Tanner & Bouma 1975). 
 
B. Hydraulic loading 
Excessive hydraulic loading can result in failure as evidenced by surface discharge. 
Conversely a low loading rate will result in inefficient utilisation of the bed. Past 
research has noted the decreased evaporation with decreased water levels (US EPA 
1981). 
 
C Characteristics of the sand bed 
The capillarity of the sand used for constructing the evapotranspiration bed is 
important as it directly influences the volume of transport of effluent to the surface 
(McGrath et al. 1991). In tests undertaken by McGrath et al. (1991) it was found that 
for bare soil the evaporation loss rate was about 30-60% of the pan evaporation rate 
whereas for gravel it was barely 10%. The use of unsatisfactory bed material has 
been cited as an important reason for the failure of these systems in Victoria (Slater 
1981). This includes not only soil capillarity, but also other physical and chemical 
parameters. As an example, soils with high sodium exchange capacity, low 
permeability, poor soil aeration or difficulty in seedling emergence are the other 
factors, which can inhibit treatment performance (US EPA 1981). 
 
D. Vegetative Cover 
The vegetation contributes significantly to effluent removal through transpiration. A 
series of tests undertaken by McGrath et al. (1981) clearly demonstrated this fact 
when effluent loss from vegetated areas was compared with bare soil. The 
evaporation loss rate was found to be in the range of 30-60% of pan evaporation for 
bare soil and in the range of 60-80% for grass. However the loss rate increased in the 
area planted with trees and as the plants grew it exceeded the pan evaporation rate. 
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Increased foliage will increase transpiration rates. Furthermore, the vegetation in the 
border zone on either side of the trench will also contribute to the transpiration of 
effluent. This indirectly leads to an increase in the effective width of the trench 
(Brouwer & Bugeja 1983). However the shading effect on the soil will reduce the 
evaporation rate. It is important to note that there are seasonal fluctuations in the 
evapotranspiration rate (Bernhart 1974). Significant seasonal fluctuations of the free 
water surface will take place due to the seasonal changes in the evaporation and 
transpiration loss rates. Therefore it is important that the vegetation selection is 
undertaken which has a high tolerance towards these changes. US EPA (1981) 
recommends the use of a mix of species rather than a single species to obtain a 
suitable balance in treatment processes during seasonal fluctuations. 
 
The accumulation of salts and nutrients in the bed will increase over time in the case 
of systems without soil absorption. Therefore vegetation selection should also take 
these factors into consideration to ensure the longevity of the system. Slater (1981) 
has summarised the following ideal plant characteristics: 
• fast growing and robust; 
• tolerant to both waterlogging and drought conditions; 
• tolerant to high salinity and nutrient levels; and, 
• minimal maintenance requirements 
 
E. Soil Permeability 
This is only applicable to systems where soil absorption is a part of the process. The 
difficulty in designing systems for effluent disposal by evapotranspiration alone was 
already discussed in Section C. This underlies the importance of soil absorption in 
the process of effluent disposal. The relevant issues in relation to soil absorption 
have been discussed in Section 3.1 and Chapter 4. 
 
 
3.3.3 Issues of Concern 
The important issues have been discussed above. In summary, the major issue is the 
significant seasonal fluctuation in performance due to the overriding dependency on 
climatic conditions. In fact Slater (1981) has noted that these systems can be 
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successful in relatively high rainfall areas where the usage is intermittent or seasonal 
such as sporting facilities or holiday homes. Consequently the need for including soil 
absorption along with evapotranspiration has been discussed in order to avoid 
excessively large land area requirements. Under these circumstances it is not 
surprising that these systems are used only under exceptional circumstances. 
 
 
4. CLOGGING MAT FORMATION IN SOIL ABSORPTION  
SYSTEMS 
 
In the case of subsurface disposal of sewage effluent, a clogging mat will inevitably 
form at the soil liquid interface. This chapter has been particularly included as 
subsurface disposal is the most common mode of effluent disposal, and the clogging 
mat that forms is the most influential parameter governing the process. Therefore an 
understanding of the mechanisms of the clogging mat formation, its behaviour and its 
implications is important in evaluating soil absorption system performance. Based on 
a literature review, Siegrist (1986) has summarised the environmental factors, which 
influence clogging mat formation.  
1. important soil characteristics such as: 
• Soil morphology – this includes soil organic matter, porosity of the soil and 
the initial saturated hydraulic conductivity of the soil (Laak 1970; McCalla 
1950, SSWMP 1978). 
• Soil temperature – research studies have noted that low temperature could 
either inhibit or stimulate soil clogging depending on the absence or the 
presence of suspended solids in the effluent (De Vries 1972; Gupta & 
Swartzendruber 1962; McCalla 1950; Simons & Magdoff 1979). 
• Soil moisture content – this has an indirect impact as high moisture results in 
low air filled pores, which will accelerate clogging (Jones & Taylor 1965; 
Simons & Magdoff 1979). 
• Soil aeration status – anaerobic conditions have been reported to accelerate 
clogging mat formation (Thomas et al. 1966; Simons & Magdoff 1979). 
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2. Important effluent characteristics such as: 
• Effluent composition – rate of clogging has been found to be dependent 
mainly on the concentration of organic matter and suspended solids 
(Frankenberger et al. 1979; Jones & Taylor 1965; Laak 1970; McCalla 1950). 
• Effluent loading rate – this in effect relates to the mass loading of pollutants 
and has been found to be one of the primary factors relating to the formation 
of the clogging mat and related impacts on the infiltration rate (Jones & 
Taylor 1965; Laak 1970; Siegrist 1986, 1987). 
• Effluent application method – it has been claimed that the application 
methods such as intermittent and continuous loading can influence soil 
clogging (McGauhey 1968; Magdoff et al. 1974a,b; Popkin & Bendixen 
1965) 
 
4.1 Mechanisms of Soil Clogging 
 
The mechanisms of soil clogging and the resulting reduction in infiltration through 
the soil can be attributed to a number of reasons. These can be broadly classified as 
physical, chemical and biological processes.  
 
4.1.1 Physical Processes 
A number of physical processes, which lead to the reduction in infiltration, have been 
attributed by various investigators. These include: 
• The compaction and smearing of the infiltrative surface by machinery during the 
construction phase. This could be significant if the soil moisture content was 
relatively high at the time of construction (Bouma et al. 1975a; Bouma et al. 
1985; Cotteral & Norris 1969). 
• Also during the construction phase there could be migration of fines due to the 
vibration of dry soil (McGauhey 1968). 
• As pointed out by May (1996) and discussed in Section 3.1.2, the placement of 
gravel in the infiltration field can result in the compaction of the bed and the 
migration of the entrained fines into the soil pores. 
• The carryover of suspended solids with the effluent can result in particles 
penetrating to a depth through the soil pores. As these are deposited, a restrictive 
 53 
 
layer is developed resulting in increasing impedance to infiltration. The 
suspended solids in the restricting layer will be mostly organic and easily 
compacted. Therefore the resistance to flow will increase rapidly (Rice 1974). 
However Winneberger (1984) has questioned this hypothesis. He has not totally 
disagreed, but has noted that there is insufficient evidence to support this 
argument that suspended solids contribute to the formation of the clogging mat. 
Caldwell Connell (1986) in a field investigation of 14 household septic tanks and 
two pilot systems in sandy soils in the Perth region found that the quality of the 
effluent could be directly related to the pump out period for the system. They 
have in fact recommended a pump out period of four years in the Perth region for 
a septic tank serving four people. However a direct relationship between the 
suspended solids concentration in the effluent and clogging of the soil absorption 
bed was not established. Fimmel and Troyan (1981) have also mentioned this 
possibility but have not presented any results to substantiate their claim. This 
could well mean that the significance of the role played by the suspended solids 
concentration would be dependent on the soil characteristics. As Otis (1984) has 
noted, this issue could be more important in the case of granular soils rather for 
fine textured soils.  
• In structured soils, prolonged periods of wastewater submergence can lead to the 
degradation of binding agents by microbial action resulting in the breakdown of 
soil aggregates and the destruction of water carrying soil pores (Otis 1984). 
 
 
4.1.2 Chemical Processes 
Chemical clogging is due to chemical interactions between salts in the effluent and 
the soils resulting in reduced pore diameters and consequently reduced soil 
permeability. This generally occurs in the presence of relatively high concentrations 
of sodium salts in the effluent. Alternatively soils with a high sodium content will 
also exhibit low permeability. The presence of sodium will result in the dispersion of 
soil clay minerals thereby resulting in the reduced soil porosity. Quite often the 
potable water could already have a high sodium concentration even prior to usage for 
various purposes within the household. This not only applies to water supplies from 
wells but also to reticulated water supplies. The most common source of sodium in 
wastewater is detergents (Brouwer & Bugeja 1983; Patterson 1994, 1997). 
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4.1.3 Biological Processes 
Biological clogging is the most common process taking place in the soil absorption 
system. This occurs when bacterial growth or its by-products reduce the soil pore 
diameters. Biological clogging is generally associated with anaerobic conditions. 
Clogging usually takes place at the gravel soil interface (Jones & Taylor 1965). The 
microorganisms present in the soil and in the effluent multiply very rapidly due to 
the constant supply of nutrients from the applied effluent. The microbial biomass 
thus created provides further barriers to the seepage of water through the soil 
capillaries. Initially, a mixed population of aerobic microorganisms in the infiltrative 
bed will effect the biodegradation of the organic matter contained in the effluent. The 
aerobic conditions in the bed will be maintained as long as air is drawn into the bed 
as the effluent soaks away. However as more and more capillaries are clogged by the 
microbial biomass the quantity of air diffusion into the soil will become more 
limited. The dissolved oxygen contained in the effluent will not be able to meet this 
shortfall.  
 
Therefore gradually aerobic conditions will be replaced by anaerobic conditions. 
Many microorganisms and particularly the anaerobic organisms produce 
polysaccharide slimes and gums, which they secrete into their surroundings. These 
polysaccharides help to strengthen the impermeability of the clogged zone as these 
have a slow decomposition rate (Avnimelech & Nevo 1964; Harkin et al. 1975; Nevo 
& Mitchell 1967). Also gases produced from biological activity in the soil or air 
trapped beneath the wetting face can fill the pores further reducing infiltration (Otis 
1984; McCalla 1950; Rice 1974).  
 
Allison (1947) applying sterilised and unsterilised water to soil samples concluded 
that microbial activity plays a significant role in soil clogging. Gupta and 
Swartzendruber (1962) whilst confirming the microbial activity in soil clogging also 
found that clogging occurs near the infiltration surface. The deposition of organic 
matter decreases sharply with distance away from the bed both laterally and 
downwards. As and when the flow of effluent diminishes, air would penetrate into 
the soil beneath the clogged area restoring aerobic conditions. The majority of the 
organic matter present beneath the zone of maximum clogging would then be 
degraded with the soil almost reaching it original conditions. A relatively sharp 
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boundary then develops between the aerobic layer at the bottom and the blocked 
anaerobic layer on top (Harkin et al. 1975). Therefore clogging is primarily a surface 
phenomenon stimulated by the nutrients in the wastewater (Otis 1984). Using sand 
columns, De Vries (1972) has claimed that seepage bed failure is caused by a deposit 
of sludge on the surface sealing off the surface pores rather than clogging within the 
column. Siegrist (1986) and Siegrist et al. (1991) have hypothesised that soil 
clogging takes place due to the conversion of accumulated organic matter into humic 
substances over time. This was found to be consistent with the fact that once 
clogging developed, extended periods of time for resting was required for recovery 
of the system. This can be attributed to the limited biodegradability of humic 
substances. 
 
De Vries (1972) has claimed that the formation of sulfides is an indication of 
clogging but it is not a cause. However other research studies indicate results to the 
contrary (Harkin et al. 1975; McGauhey & Winneberger 1964; Siegrist 1986). 
Harkin et al. (1975) has provided an outline of the processes taking place in the 
seepage bed leading the formation of sulfides. As microorganisms digest organic 
matter other materials are needed to be used as electron acceptors. However as the 
bed becomes anaerobic, the range of electron acceptors become very restricted and 
the only significant electron acceptor is sulfate which is rapidly reduced to sulfide. 
These sulfides will combine with metals such as iron, manganese, copper etc. present 
in the soil or effluent leading to the deposition of a black insoluble deposition on the 
bed. These insoluble sulfides cause further clogging of the bed.  
 
 
4.2 Phases of Clogging 
 
Where construction damage is not an issue, clogging of the soil absorption system 
has been defined by various researchers as consisting of three or four phases (Allison 
1947; Jones & Taylor 1965; Thomas et al. 1966; Okubo & Matsumoto 1979). 
However the definition of these phases differ between researchers. Figure 4.1a - d 
below are stylised representations of their conclusions as presented by Otis (1984). 
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a. Allison (1947),     b. Jones and Taylor (1965),     c. Thomas et al. (1966),     d. Okubo and Matsumoto (1979) 
Figure 4.1a – d –Stylised representations of the phases of clogging 
(adapted from Otis 1984) 
 
Allison (1947) found that when applying river water to the surface of a soil 
laboratory column, the change in infiltration rate produced a graph similar to Figure 
4.1a with three distinct phases. The initial loss in permeability was attributed to 
structural changes in the soil matrix due to swelling and dispersion of fines. The 
subsequent increase in infiltration was attributed to dissolution of entrapped air in 
soil pores. An initially rapid and then a more gradual decline in infiltration was 
observed in the third phase. Based on results of tests undertaken using water dosed 
with a disinfectant, Allison (1947) concluded that the final decrease in infiltration 
was due entirely to microbial sealing. The results of studies undertaken by McCalla 
(1950) confirmed the conclusion that microbial activity leads to rapid and extensive 
reduction in the infiltration rate. 
 
Column studies by Jones and Taylor (1965), Thomas et al. (1966) also showed that 
organic matter was the primary agent of clogging as the infiltration rate recovered 
due to drying which was accompanied by a decrease in the concentration of total 
organic matter in the soil. Avnimelech and Nevo (1964) found that the rate and 
extent of clogging changed in relation to the change in the C:N ratio of the soil. A 
higher C:N ratio inducing a longer lasting clogging and vice versa. Jones and Taylor 
(1965) found that soil clogging takes place much faster under anaerobic conditions 
than under aerobic conditions. 
 
The column studies undertaken by Jones and Taylor (1965) also produced a graph 
with three distinct phases, but the shape was different as shown in Figure 4.1b. In the 
initial phase, the rate of decline of infiltration was found to be directly proportional 
to the volume of effluent percolated. Clogging at the gravel-sand interface was 
attributed to the accumulation of organic deposits. In the second phase clogging 
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proceeded at a relatively slow rate. A quasi-equilibrium condition was attained with 
the loss due to the decomposition of organic matter in the interface being 
approximately equal to those added by the effluent. In the final stage clogging had 
taken place quite rapidly and was independent of the effluent loading rate or the 
initial hydraulic conductivity of the soil. Under continuous ponding, the second 
phase was either absent or of short duration. 
 
The tests undertaken by Thomas et al. (1966) involved the intermittent application of 
septic tank effluent to laboratory sand columns. They too noted three distinct phases 
in the infiltration behaviour. However the shape of the curve obtained was different 
as illustrated in Figure 4.1c. In the initial phase the infiltration rate decreased slowly 
over an extended period of time. The second phase was relatively short and there was 
a rapid reduction in the infiltration rate. In the final phase there was an asymptotic 
reduction in the infiltration rate. Specific reasons have not been attributed to the 
observed changes in the infiltration rate. However it was noted that the change from 
the first to the second phase coincided with a shift from aerobic to anaerobic 
conditions within the soil columns. The total organic matter within the soil column 
was also found to be indirectly related to the infiltration rate. 
 
Okubo and Matsumoto (1979) in a similar study using synthetic wastewater and 
continuous inundation of sand columns found that the infiltration behaviour could be 
divided into four phases as illustrated in Figure 4.1d. In the initial phase the 
infiltration rate decreased rapidly which also saw a reduction in the dissolved oxygen 
level. In the second phase the infiltration rate was constant or showed a slight 
increase. A rapid decrease in the infiltration rate was once again observed during the 
third phase, which also saw a change over from, aerobic to anaerobic conditions in 
the soil column. In the final phase the infiltration rate decreased slowly to a low 
value. 
 
In an analysis of the studies discussed above, Otis (1984) has attributed the 
differences between the curves to differences in experimental conditions and 
materials. This includes factors such as wastewater quality, method of application 
and characteristics of the soil used. However more importantly Otis (1984) draws 
attention to the similarity between the four curves. They all show a rapid decline in 
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the infiltration, which asymptotically approaches a very low rate. This would suggest 
that significant chemical or biological reactions takes place within the soil due to the 
accumulated effects of the applied wastewater.  
 
 
4.3 Behaviour of the Clogging Mat 
 
The formation of a clogging mat in soil absorption systems has attracted considerable 
research over the years. Its adverse impacts leading to the failure of soil absorption 
systems have been well documented. Nevertheless it also can have its advantages 
under certain circumstances, particularly in the removal of nutrients and pathogens 
(Hagedorn et al. 1981; McCoy & Ziebell 1975). Formation of the clogging mat 
increases the hydraulic impedance to flow, leading to unsaturated flow conditions to 
persist below the mat (Miller & Wolf 1975; Simons & Magdoff 1979). Under these 
conditions, the effluent will only flow through the smaller soil pores leaving the 
larger soil pores empty (SSWMP 1978). Some degree of clogging can be beneficial 
as the unsaturated soil conditions beneath the soil infiltration surface enhances 
purification. It permits greater contact between the effluent and soil particles as 
effluent flow is only through the smaller pores. The slow rate allows the soil 
microorganisms greater time for the oxidation of organic matter and results in greater 
contact between soil particles and the effluent (Scherer 1982; SSWMP 1978).  
 
The occurrence of unsaturated flow is very significant for the filtration of effluent. It 
means that only a part of the voids in the soil will be occupied by liquid, which will 
move relatively slowly through the smaller pores in a soil material in which aerated 
conditions will prevail (Bouma et al. 1972). According to Magdoff et al. (1974b) 
biodegradable material in the effluent is almost completely removed in the 
unsaturated zone. Bacterial metabolism within the ‘living filter’ is responsible for the 
metabolism. Secondly, the clogging mat can act as a filter particularly in the case of 
high permeability soils and for the removal of microorganisms (Bouma et al. 1972; 
Hagedorn et al. 1978). The ability of microorganisms to survive for long periods of 
time and travel long distances under saturated conditions was noted by Hagedorn et 
al. (1978). The extensive field investigations undertaken by Bouma et al. (1972) have 
clearly demonstrated this fact. They found that the unsaturated flow conditions 
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induced by the clogging mat were very effective in removing faecal microbial 
indicators from the percolating effluent within a few centimetres depth of soil. The 
opposite was observed in the case of another system where unsaturated flow did not 
exist due to the submergence of the seepage bed in groundwater. This had resulted in 
considerable lateral movement of faecal indicators in the groundwater.  
 
Although the clogging mat that forms is only a few centimetres thick and will 
already have a high microbial population, it is still nevertheless very efficient in 
adsorbing and retaining all types of microorganisms. Furthermore a poorly or 
unevenly developed mat could actually result in microorganisms escaping or 
penetrating deeper into the soil (Bouma et al. 1972; Johnson & Atwater 1988). 
However it should be noted that the phenomenon of soil filtration of the unsaturated 
flow beneath the mat does not apply to nitrogen removal. The nitrification process 
taking place in the unsaturated region below the clogging mat will produce nitrates, 
which will not be removed by the soil particles. It can percolate down to the 
groundwater leading to groundwater pollution (Johnson & Atwater 1988; Sikora & 
Corey 1976; Walker et al. 1973b). In theory the stronger the clogging mat, the 
greater the purification of the effluent. Unfortunately this is not practical as a very 
large area would then be needed. This would not be possible for an urban homestead 
as probably only a limited area would be available for the construction of a seepage 
bed. Also, the cost of construction would be prohibitive.  
 
However what is important to realise is that the formation of a clogging mat is 
inevitable in the case of a soil absorption system. Under these circumstances, the 
failure of a soil absorption system can in fact be attributed to the hydraulic 
impedance posed by the clogging mat to effluent infiltration. Due to the formation of 
the clogging mat, the capacity to load the soil with effluent is no longer governed by 
the soil’s hydraulic conductivity as measured by the percolation test, but rather by 
the infiltration rate through the clogged zone (Miller & Wolf 1975). Using sand 
columns McGauhey and Winneberger (1964) concluded that the infiltration rate in a 
seepage bed is a direct function of the clogging mat which form at the infiltrative 
surface. This in turn is a dependent on the characteristics of the effluent rather than 
that of the soil. In fact Bouma et al. (1972) noted the remarkable similarity in the 
hydraulic resistance between systems of different ages but located on similar soil 
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types. This means that in the design of soil absorption beds, a relatively constant 
infiltration parameter for a particular soil type could be used independent of the soil 
permeability. 
 
 
4.4 Control and Remediation of Clogging 
 
The microbial activity involved in the decline of permeability is primarily that of 
anaerobic organisms in accumulating organic material in the soil pores 
(Frankenberger et al. 1979; McGauhey & Winneberger 1964). In well drained soils, 
aerobic organisms are able to breakdown these compounds. This process can be 
prevented with saturation. This need not be with wastewater. Even bacteria free 
water is able to prevent the gaseous diffusion of oxygen into the soil matrix. The 
dissolved oxygen carried by the water is inadequate in amount to supply the oxygen 
required for the aerobic decomposition of organic matter (Bouma et al. 1972; 
Frankenberger et al. 1979).  
 
Therefore whilst taking account of the beneficial implications of clogging mat 
formation, its considerable adverse impacts should also be noted. Three basic 
strategies have been suggested by researchers for the control of clogging mat 
formation and/or the remediation of its severity. This is on the basis that construction 
activities as discussed in Section 4.1.1 do not contribute to the clogging process. 
These strategies are: 
1. Intermittent aeration or resting of the seepage bed to permit the aerobic 
decomposition of the clogging mat. 
2. improving the hydraulic loading characteristics and the carryover of suspended 
solids and BOD in the effluent. 
3. Physical measures to remove the clogging mat. 
(Caldwell Connell 1986; Fimmel & Troyan 1981; Harkin et al. 1975; Jones & Taylor 
1965; Otis 1984; Reneau 1989; Siegrist 1986). 
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4.4.1 Intermittent Aeration or resting 
The two approaches that could be adopted are intermittent dosing of the seepage bed 
or extended resting. 
 
A. Intermittent Dosing 
This entails the storage and intermittent dosing of the seepage bed using a pump. It 
had been claimed that this is preferable to continuous flooding of the soil absorption 
bed (Bouma et al. 1975a; Guilloteau et al. 1993; Hills & Krone 1971; McGauhey & 
Winneberger 1964; McGauhey 1968; Popkin & Bendixen 1968; Jones & Taylor 
1965; Thomas et al. 1966). The intervening period between doses would allow the 
effluent to drain out and thereby permit the diffusion of gaseous oxygen through the 
seepage bed (Magdoff et al. 1974a,b; Otis 1984; Simons & Magdoff 1979). 
Theoretically this would permit the partial oxidation of the organic matter forming 
the clogging mat and thereby increase the infiltration through it. Secondly, resting of 
the seepage bed means that it will not have to deal with effluent inflow during this 
period. This would also be a factor in the removal of organic matter in the clogging 
mat, as organic matter can also be removed by anaerobic as well as aerobic reactions, 
even though anaerobic reactions are much slower.  
 
Popkin and Bendixen (1968) have recommended that larger and less frequent doses 
be used in preference to smaller and less frequent dosing. Lance et al. (1973) and 
Hills and Krone (1971) have noted that diffusion plays an important role in oxygen 
transfer to the soil during the drying period. High moisture content would inhibit the 
oxygen transfer process. Therefore it would be preferable if the dosing is timed such 
that the soil is allowed to dry sufficiently. Otis (1984) has recommended dosing 
intervals of one day or more whereas McGauhey (1968) has recommended a cycle of 
two weeks of loading followed by a minimum of one week of resting. Guilloteau et 
al. (1993) whilst not recommending a specific time period, have recommended a 
drying period twice as long as the flooding period. However the research conclusions 
derived by Lance et al. (1973) are contradictory to the above to some degree. Using 
laboratory soil columns they found that most of the oxygen entering the columns was 
during the first three days of the dry period. Therefore they have recommended that 
the entry of oxygen into the soil can be optimised by increasing the frequency of the 
dry periods rather than its length. Based on this premise Lance et al. (1973) have 
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recommended a dosing frequency of one day or less. De Vries (1972) has 
recommended a daily cycle for effluent dosing. 
 
The conclusions derived from the study undertaken by Caldwell Connell (1986) 
appear contradictory to the concepts discussed above. They found that intermittent 
dosing would not substantially increase the life of the system. It has been claimed 
that intermittent aeration will only delay the clogging mat formation and once it is 
formed aeration may even be detrimental. This conclusion is based on the premise 
that the accumulated organic matter may be excessive for complete aerobic 
decomposition during the resting phase. New cell mass is produced from the 
accumulated organic matter during various intermediate processes which would 
result in the formation of further clogging material. An intense clogging mat will 
form directly below the surface, which will not be degraded by further short-term 
aerobic activity. 
 
A number of possible reasons which primarily relates to experimental conditions and 
the type of system tested can be attributed to these contradictory recommendations. 
The obvious differences are: 
• All the studies cited above which have recommended intermittent dosing were 
undertaken under laboratory conditions. However the study by Caldwell Connell 
(1986) where the conclusions were contrary to intermittent dosing, was 
undertaken in the field. It included three operating household systems and two 
experimental systems in the field. 
• The study undertaken by Caldwell Connell (1986) was on leach drains, which 
can be equated to linear chambers or seepage pits. These tend to be subjected too 
much greater hydraulic loading when compared to conventional gravel filled 
trenches or drains. 
• There could be obvious differences in the soil characteristics, considering the fact 
that the study by Caldwell Connell (1986) was undertaken in Perth where the soil 
is sandy. 
 
Similar results to those of Caldwell Connell (1986) were also obtained by SSWMP 
(1978) in comparing soil laboratory columns aerated below the infiltration surface 
and those that were not. The infiltration rate for the aerated columns were much 
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lower due to the formation of a more intense clogging mat. The contradictory nature 
of experimental results relating to intermittent dosing is further compounded by the 
conclusions derived by Kropf et al. (1977). Though the study was undertaken using 
laboratory columns, the control variable was the duration of flooding rather than the 
load/unit area. They found that the continuously flooded units were able to infiltrate 
more effluent than the intermittent units for all three different soil types tested. It was 
concluded that the infiltration time lost during the resting period could not be offset 
by an increase in the infiltration rate during dosing. In effect this means that even 
though dosing may prolong the formation of the clogging mat and result in an 
increase in the infiltration rate, there may not be an overall increase in the infiltrative 
capacity of the seepage bed. Healy and Laak (1974) too noted that there was little 
difference in the long term infiltration rate between a system that is continuously 
inundated and one that is subjected to intermittent loading. Therefore in view of the 
contradictory nature of the various research conclusions it is difficult to draw any 
firm conclusions in regards to intermittent dosing of effluent. 
 
B. Alternating Systems 
Prolonged resting of the seepage system is the other available option in this regard. 
This would require the availability of a second system for effluent disposal during 
the period of resting. The feasibility of this option has been demonstrated by 
numerous studies. Simons and Magdoff (1979) found that the degree of recovery of a 
clogged infiltrating layer was related to the length of time the infiltrative surface was 
ponded and the soil moisture content during the resting phase. Thomas et al. (1966) 
in their study using sand columns found that the infiltration rate would substantially 
recover with periodic resting. After the first 23 days, infiltration rate would reach 
almost the same rate it was just before the commencement of the anaerobic phase as 
shown in Figure 4.1c. This partial recovery was found to correspond to a decrease in 
the concentration of organic matter in the soil. 
 
The results of these laboratory studies were confirmed by the field study undertaken 
by Caldwell Connell (1986). This included the performance monitoring of five 
operational household systems and ten pilot systems for periods of up to four years. 
They found that the field performance of the alternating systems to be far superior to 
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that of the non-alternating systems. It was further recommended that a six-month 
alternating period would provide satisfactory long-term service. 
 
Alternating systems are not a popular option due to the following main reasons: 
• If each alternating system is to be constructed to the same requirements as a 
single system cost and land area required would be major constraints. 
• Concern about the reliability of the homeowner to alternate systems when due. 
 
In regards to the first issue noted above, Caldwell Connell (1986) concluded that the 
size of each soil absorption field could be significantly reduced in the case of 
alternating systems. However it should be borne in mind that field investigations 
were undertaken in Perth where the soil conditions are unique due to its sandy nature 
when compared to other areas in Australia. 
 
 
4.4.2 Improving the Effluent Loading Characteristics 
Improving the effluent loading characteristics can involve a number of different 
approaches. This includes strategies such as: 
• enhanced hydraulic loading; 
• improved geometry; 
• improved effluent distribution; and, 
• improved pretreatment and hydraulic loading. 
 
A. Equilibrium Hydraulic Loading 
The inevitability of the clogging mat formation has already been discussed. However 
there is general consensus that an equilibrium effluent loading rate termed the ‘long-
term acceptance rate’ or LTAR exists. Figure 4.1 illustrates the change in infiltration 
rate with time. 
 
The design of the seepage field and effluent application based on this LTAR will 
result in its indefinite serviceability (Caldwell Connell 1986; Healy & Laak 1974; 
Kropf et al. 1977; Otis 1984; Owens et al. 1997; Siegrist 1986). To an appreciable 
extent this rate would be independent of the soil matrix supporting the clogging mat 
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(Kropf et al. 1977). Acceptance of the concept of an equilibrium infiltration rate 
implies that: 
• there is little difference in the final infiltration rate between a soil absorption bed 
that is continuously inundated and one that is subjected to intermittent dosing. 
• A balance is achieved between the decomposition of organic matter and that 
deposited by the effluent. 
(Healy & Laak 1974; Kropf et al. 1977). 
 
Figure 4.2- Change in Infiltration rate with time  
(adapted from Jenssen & Siegrist 1990) 
Methodology and models for the calculation of this equilibrium infiltration rate have 
been proposed by numerous researchers. This has generally been based on soil 
parameters such as permeability, position of the water table and impervious strata 
(Amoozegar  1997; Bouma 1975; Healy & Laak 1974; Jaynes & Tyler 1984; Jenssen 
& Siegrist 1990; Kawanishi et al. 1990; Kropf et al. 1977; Rutledge et al. 1997). 
However Otis (1984) has warned that the universal application of these models can 
be inappropriate. The equilibrium infiltration rate would depend on a number of 
other variables, which are always difficult to take into account. This includes factors 
such as: 
• other soil parameters including mineralogy and soil structure; 
• the strength of the wastewater; 
• the geometry of the seepage field, depth to infiltrative surface and extent of 
aeration and oxygen diffusion into the bed; and, 
• seasonal variation in temperature which influences the formation of the clogging 
mat. 
(Laak 1970; Patterson 1994,1997; Otis 1984; Siegrist 1986; Simons & Magdoff 
1979). 
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Considering the above there is a large degree of uncertainty involved in the 
mathematical estimation of an appropriate LTAR value. A more appropriate strategy 
would be to estimate values based on the evaluation and interpretation of a number 
of soil parameters specific to the location (Geary 1994; Westpetal & Schirmers 
1997). 
 
B. Improved Geometry 
The geometry and depth of the infiltrative surfaces can play a significant role in the 
behaviour of the clogging mat and long-term performance of the soil absorption 
system. The main differences between the seepage bed and trenches have been 
discussed in Section 3.1.1. Studies have shown that other than for soils with high 
permeability, the sidewalls are an important component in the overall infiltrative 
capacity of a seepage system (Brouwer & Bugeja 1983; Caldwell Connell 1986; 
McGauhey & Winneberger 1964; Kropf et al. 1977; US EPA 1980). Taking this 
factor into account it can be surmised that trenches would be preferable to beds as the 
proportion of sidewall area would be relatively greater. However there is some 
uncertainty regarding the relative infiltrative rates at the base and the sidewall areas. 
 
Based on laboratory studies, Caldwell Connell (1986) have noted that in relatively 
new systems the infiltration rate through the sidewall areas will be greater. However 
as the systems age, the sidewalls and the bottom areas were found to reach similar 
equilibrium infiltration rates. Based on field investigations Bouma (1975) and 
Brouwer and Bugeja (1983) have also confirmed the above. However US EPA 
(1980) and McGauhey (1968) in turn have hypothesised that the bed and sidewalls 
could have different infiltration rates. This is based on the premise that the clogging 
of the sidewalls would be different and less severe due to the following reasons: 
• being a vertical surface suspended solids will not be a significant factor in 
clogging; 
• the fluctuating effluent levels in the system will allow alternating wetting and 
drying of the sidewall whilst the bed is likely to remain continuously inundated; 
and, 
• the clogging mat can slough off the wall due to gravity. 
US EPA (1980) have further surmised that the hydraulic gradient on the sidewall 
would also be less. On the base, gravity, hydrostatic pressure of the ponded effluent 
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above and the suction potential of the soil below the clogging mat contribute to the 
total hydraulic gradient. Whereas in the sidewall, the gravity potential does not exist, 
the hydrostatic potential varies and reaches zero at the surface. Also the soil suction 
potential varies with changing soil moisture conditions. 
 
Therefore it could well mean that either situation relating to the relative infiltration 
rates in the base and sidewall could prevail. This is due to the wide variability of the 
factors influencing the issues noted above. As SSWMP (1978) has pointed out, the 
more significant infiltrative surface may vary with time and soil type. Kropf et al. 
(1977) using sand columns found that on an average the sidewalls had a higher 
infiltration rate than the bed. Sewards (1984) based on field studies undertaken in 
sandy soils in Perth has further qualified this statement by noting that the upper parts 
of the sidewall area will have a higher infiltration rate than the lower part and the 
base. This difference was attributed to the fact this region is generally continuously 
inundated in the case of a clogged soil absorption bed unlike the upper region, which 
is only intermittently subjected to ponding. 
 
Another issue, which has received attention, is the use of shallow trenches instead of 
deep trenches. Shallow trenches offer the following advantages: 
• the upper soil horizons are more permeable than the deeper subsoil; 
• improved aeration of the systems due to its proximity to the surface; 
• effluent disposal by transpiration is also a possibility as the plant root zone can 
penetrate to this depth; 
• greater soil depth available above the groundwater table for effluent renovation; 
• easier to maintain aerobic conditions at the infiltrative surface, which will help to 
reduce the severity of clogging. 
 
However deep systems also do have their advantages such as: 
• permits greater sidewall area for the same amount of bed area; 
• permits great depth for effluent ponding leading to a greater hydraulic gradient. 
(Bouma 1975; Caldwell Connell 1986; McGauhey 1968; Otis 1984; US EPA 1980). 
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C. Improved Effluent Distribution 
Additionally in the case of trenches, research has been undertaken in regards to the 
optimum layout of the soil absorption system. This relates to parallel and serial 
layout of seepage trenches. Serial distribution essentially relates to a situation where 
effluent is fed only to a single pipe. A number of parallel pipes would be laid for 
effluent disposal with each pipe connected at alternate ends. This is illustrated in 
Figure 4.2 below. 
 
Figure 4.3 – Typical layout of serial distribution of effluent  
(adapted from Owens et al. 1997) 
 
The main advantage in using serial distribution is that the distribution box used in 
parallel distribution for equal dispersal of effluent can be eliminated. There are a 
number of problems associated with the distribution box in gravity flow systems 
(Cotteral & Norris 1969; Gross et al. 1997; Mellen 1984). It relates to its 
ineffectiveness in ensuring an even distribution of effluent to all the pipes. This can 
be detrimental to the seepage field as some trenches would be more heavily loaded 
than others leading to differential clogging of the infiltrative bed. Continuous 
overloading will result in the failure of the trench/s with its attendant problems such 
as effluent rising to the surface at these points. Gross and Thrasher (1984) have 
concluded from their evaluation of 303 septic tank – soil absorption systems that had 
failed during a particular period, 25% had reported unequal flow of effluent from the 
distribution box. In the case of serial distribution, this problem is eliminated as the 
effluent will flow from one trench to the other as its level rises. 
 
However the laboratory study undertaken by Mote et al. (1990) found that the 
average renovation efficiency of parallel distribution system to be superior to that of 
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a serial system in terms of COD, phosphates and coliform removal. There was no 
marked difference in nitrogen removal by either system. This lower performance of 
the serially loaded columns has been attributed to ‘breakouts’, which involved the 
periodic and short duration rapid increase in the discharge rates during the study. The 
resulting rapid movement of water through the soil would not have provided 
adequate time for renovation by the soil columns and hence the low quality. This 
occurrence did not take place in the case of parallel loaded columns. Though no 
reasons have been attributed for this phenomenon, it was also been observed by 
Kropf et al. (1977). 
 
It is debatable as to whether a decision could be made regarding the relative merits of 
serial and parallel distribution based on the results obtained by Mote et al. (1990). 
Firstly, the study was undertaken under laboratory conditions and it was possible to 
ensure that the parallel columns were equally loaded unlike in the field situation. 
Secondly, there is no theoretical justification to assume that ‘breakouts’ or the 
periodic and short duration rapid rise in the infiltration rate observed in the serially 
loaded columns is inherent to this type of arrangement only. Even though it has also 
been observed by other researchers, no theoretical basis has been postulated. Hence 
there is no guarantee that this same phenomenon will not taken place in a parallel 
distribution too. In an evaluation of large onsite sewage treatment systems, Plews 
and DeWalle (1984) have reported a failure rate of 20% for parallel distribution 
systems out of 354 systems evaluated and a failure rate of 50% for serial distribution 
out of 12 systems evaluated. Unfortunately it is difficult to draw definite conclusions 
from this data due to the lack of stringent research methodology being adopted for 
the study as admitted by the authors themselves. 
 
The problems discussed above are generally inherent only to systems where the 
effluent distribution is by gravity flow. A possible strategy to prevent the overloading 
of a part of the system and differential clogging mat formation is to adopt pressure 
dosing to ensure the uniform application of effluent. Otis (1982) has discussed a 
design methodology for these systems. Hargett (1984) has noted the following 
important issues based on the performance evaluation of a number of these systems: 
• there was no indication of severe clogging of the trench interface. 
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• during periods of groundwater saturation the system acts as a groundwater 
injection system. This can cause concerns about groundwater impacts. 
• similar to gravity flow systems these systems too are sensitive to excessively 
high precipitation and groundwater levels. 
 
Due to the even distribution of effluent, these systems have been found to function 
effectively in marginal site conditions such as low permeability soil, shallow depth of 
permeable soil layers or seasonal saturation of the effluent distribution system with 
groundwater (Cogger & Carlile 1984; Ijzerman et al. 1992; Simon & Reneau 1984). 
Also another advantage in the uniform distribution of effluent is the even nature of 
the clogging mat formation. As such this would make it convenient to estimate the 
nature and type of remedial measures needed to restore infiltration capacity of the 
seepage bed. 
 
D Improved Pretreatment and Hydraulic Loading 
The influence of organic and suspended solids loading in the effluent in the 
formation of the clogging mat has been noted in Section 4.1. Laak (1986) has noted 
that reducing the BOD and suspended solids is beneficial in increasing the 
permeability of the clogging mat thereby allowing for a smaller soil disposal area. 
McGauhey and Winneberger (1964) have also concluded that suspended solids and 
biological growth as important factors in the formation of the clogging mat 
formation. Laak (1970) has shown that laboratory columns receiving lower hydraulic 
loads and higher effluent quality will perform better. The hydraulic loading was 
found to be more significant, but effluent quality was also important. He has further 
noted that for a given soil and wastewater effluent, the time to continuous ponding is 
inversely related to the hydraulic loading and effluent composition.  
 
Numerous researchers have investigated the importance of wastewater composition 
in the clogging mat formation. Frankernberger et al. (1979) demonstrated that 
organic matter will influence clogging mat formation. Rice (1974) found that the 
concentration of suspended solids and hydraulic gradient were important factors in 
the clogging mat formation. High hydraulic gradients increased the infiltration rate. 
Secondly, the infiltration rate was found to decrease rapidly when the suspended 
solids concentration exceeded a certain threshold value. Figure 4.4 illustrates the 
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relationship between hydraulic impedance, suspended solids concentration and 
hydraulic gradient as obtained by Rice (1974).  
 
Figure 4.4 – The relationship between hydraulic impedance and suspended 
solids concentration for hydraulic gradients of 0.2 and 1 
(adapted from Rice 1974) 
 
Using a field facility, Siegrist and Boyle (1987) investigated the relationships 
between the infiltration rate and BOD, suspended solids concentration and hydraulic 
loading. Domestic septic tank effluent, greywater septic tank effluent and potable 
water of varying concentrations were applied to different soil cells in the facility. 
They found that soil clogging was highly correlated to the cumulative mass 
concentration of BOD and suspended solids and the hydraulic loading rate. Siegrist 
and Boyle (1987) have further noted that soil clogging can be delayed or altogether 
mitigated by reducing the applied mass loading rates of BOD and suspended solids 
either through lower hydraulic loading rates or reduced effluent concentration. The 
conclusions derived by Frankenberger et al. (1979), Laak (1970), Rice (1974) and 
Siegrist and Boyle (1987) in this regard are generally in agreement. 
 
Daniel and Bouma (1974) in their study found that the nature of the suspended solids 
in effluent was a significant factor in the clogging process. Laboratory columns were 
 72 
 
continuously inundated with septic tank and extended aeration effluent and distilled 
water. Results indicated that the clogging was more severe in the columns inundated 
with low BOD aerated effluent, followed closely by high BOD septic tank effluent 
with no noticeable clogging in the distilled water columns. Also the clogging of the 
septic tank columns was found to be more on the surface, whereas in the columns 
receiving aerated effluent clogging had occurred about 10cm below the surface. This 
difference in clogging behaviour can be explained in terms of the particle shape of 
the suspended solids. The extended aeration effluent had 20% lesser concentration of 
suspended solids. However as they were much finer, they were able to penetrate 
deeper into the soil medium and thereby block the pores at a greater depth. The 
suspended solids in the septic tank effluent were higher in concentration and larger in 
size. As such they were not able to penetrate too deep into the soil medium. 
 
Roats (1975) as quoted by Otis (1984) had derived similar conclusions. Effluent from 
extended aeration and septic tanks were applied intermittently to laboratory soil 
columns. After 56 days, the infiltration rate in the columns receiving extended 
aeration effluent was only 13% of the original value, whereas columns receiving 
septic tank effluent was able to retain 54% of the original rate. Inspection of columns 
had revealed that a much denser clogging mat had developed in the columns with the 
aeration effluent. It was also noted that the column effluent from those receiving the 
septic tank effluent was higher in suspended solids. This was a further indication that 
the clogging mat that had formed in the septic tank columns was less dense. However 
it is important to note that the conclusions derived by Daniel and Bouma (1974) and 
Roats (1975 as quoted by Otis (1984) are in variance with those by Laak (1970) and 
Siegrist and Boyle (1987) on some aspects.  
 
In the first two studies mentioned above, the total loading of organic matter and 
suspended solids was much higher for the septic tank effluent than for the aerobically 
treated effluent. Therefore the conclusions derived by Laak (1970) and Siegrist and 
Boyle (1987) regarding total mass loadings needs to be qualified. Pretreatment would 
be important in terms of reducing the clogging mat formation, but the method of 
pretreatment would also be an important factor in this regard. As past research has 
shown, aerobic treatment of effluent would reduce mass loadings but the resulting 
suspended solid particles would be much finer leading to the formation of a clogging 
 73 
 
mat which is more difficult to eradicate. Aeration of the seepage bed as a means of 
improving the infiltration rate through it, is a strategy that has received considerable 
attention. The implications of the above results could mean that the clogging mat that 
is formed would be relatively more tenacious to removal by aeration in situations 
where aerated effluent has been used. Similar observations were noted by Otis (1984) 
quoting a study by Mitchell et al. (1982). The much faster recovery by aeration of 
soil columns inundated with septic tank effluent, when compared with those loaded 
with aerobically treated effluent was noted.  
 
In regards to the infiltration rate in a soil absorption bed Laak (1974) has made the 
following observations: 
• Extensive pretreatment is important for highly permeable soils where the 
clogging mat definitely controls the infiltration rate through the soil absorption 
bed. 
• Extensive pretreatment in wet and clay soils is not important. The ability of the 
soil to transport the effluent away from the seepage bed is more important than 
effluent quality. 
• Pretreatment does not improve the infiltration rate through the soil as a clogging 
mat will ultimately form on the surface irrespective of mass concentration of 
BOD and suspended solids. 
 
However as pointed out by Winneberger (1984) and discussed in Section 4.1.1, 
suspended solids may not necessarily be an important factor in clogging for all soil 
types. It could be more relevant in the case of granular soils. These conclusions have 
also been confirmed by SSWMP (1978) where it has been noted that for fine 
structured soils, the applied effluent quality does not affect the rate of clogging, 
whilst sand filter studies have shown that improved quality may reduce the degree of 
clogging in coarse granular soils.  
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4.5 Physical Measures 
 
Physical measures commonly discussed in literature for removal of the clogging mat 
are: 
• chemical oxidation 
• replacement of the infiltration surface. 
 
A. Chemical Oxidation 
Hydrogen peroxide has generally been promoted as an oxidant for the removal of the 
clogging mat (Harkin et al. 1975). Hydrogen peroxide has been selected based on a 
combination of reasons including cost, its oxidation properties, the type of by-
products formed and the nature of the subsidiary reactions that would occur with the 
soil environment. The primary function of hydrogen peroxide is the oxidation of 
sulphides in the clogging mat. These are formed under anaerobic conditions and play 
an important role in the formation and maintenance of the clogging mat (McGauhey 
& Winneberger 1964). A number of laboratory and field experiments have been cited 
by Harkin et al. (1975) which has demonstrated the efficacy of this process. Based on 
the results of soil column studies, Bishop and Logsdon (1981) have also confirmed 
these findings. 
 
However research by Hargett et al. (1984) have questioned these claims. The number 
of important conclusions was noted by them.  
1 Most of the previous research was undertaken on sand or disturbed soils and 
hence cannot be extrapolated for a broad range of soil conditions.  
2 The effectiveness of hydrogen peroxide even on sand was at best partial and 
highly variable.  
3 Treatment on structured soils could be detrimental, leading to even lower 
infiltration rates than before. Laboratory studies on non-clogged soil samples 
representing a wide range of soil textural conditions had found that hydrogen 
peroxide can do severe damage to the infiltrative capacity of non-sandy soils. 
This was due to the chemical destroying the natural structure of the soil and its 
porosity with the oxidation of the organic binding agents essential for soil 
aggregation. These organic by-products of microbial action is important for 
maintaining the soil structure. Work by McCalla (1945) showed that as 
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microorganisms act on organic matter in the soil, the residue tend to stabilise the 
soil structure unit. 
4 Additionally, the soil particles become dispersed leading to the elimination of 
pore continuity.  
5 Also most importantly, Hargett et al. (1984) found that the positive treatment 
effects, were only short term.  
 
Caldwell Connell (1986) in their study too found that the systems treated with 
hydrogen peroxide which were on sandy soil, failed again between 4-36 months. A 
possible reason cited by them for the short-term effectiveness of the process in sandy 
soils is that the clogging mat is unevenly formed. The thicknesses were found to vary 
from 50-100mm even in adjacent areas. Therefore as the hydrogen peroxide is 
applied to the soil, the clogged areas with a lesser mat thickness will oxide first. As 
the infiltration rate in these areas is restored back to its almost original condition, the 
remaining hydrogen peroxide will drain quickly away from the bed resulting in 
inadequate oxidation of the remaining areas. Consequently only a partial oxidation of 
the clogging mat will take place. They also noted that the cost of undertaking the 
treatment in the Perth region was comparable to replacing the seepage bed. Therefore 
it can be concluded that hydrogen peroxide treatment is at best only a short-term 
solution and bed replacement would be preferable on most counts. 
 
B. Replacement of the Infiltration Surface 
The effectiveness of replacing the 100mm of the infiltrative soil surface was 
investigated by Caldwell Connell (1986). They found its effectiveness in increasing 
the infiltration rate was short-lived and clogging recurs within a few months. This 
again can only be treated as a short-term measure. Cost comparisons for Perth 
showed that this was no more economical than the replacement of the soil absorption 
bed. 
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5. IMPLICATIONS OF SYSTEM FAILURE 
 
5.1 General Comments 
 
Water quality and land use is a complex issue, which is currently receiving 
considerable research interest. The degradation of water quality due to urbanisation 
is widely acknowledged. Onsite sewage treatment systems play a significant role in 
this regard (Geary 1992). Inadequate system performance or total system failure is 
common as discussed in the previous chapters. The transmission of pollutant loads to 
the natural environment is the ultimate consequence. Geary (1992) has discussed a 
number of performance evaluation studies on onsite treatment systems undertaken in 
South Australia and New South Wales. Though the type of systems investigated has 
not been specifically identified, from the discussion it appears that these were all 
septic tanks. The results of these investigations indicated the overall poor 
performance of a significant number of these systems. The main reason has been 
attributed to inadequate consideration of soil characteristics at site in the design of 
the effluent disposal system leading to under design and eventual failure. 
 
The failure of onsite sewage treatment systems can lead to serous environmental and 
public health impacts. The two issues are interrelated and most environmental 
impacts if they become sufficiently severe, ultimately result in health impacts. These 
impacts arise as a result of surface water and groundwater contamination.  
 
 
5.2 Adverse Consequences 
 
Groundwater contamination is the most common form of occurrence due to the 
subsurface disposal. Groundwater contamination can result due to: 
• failure of the soil absorption system; 
• high groundwater levels where the soil cover between the infiltration bed and the 
water table is inadequate; 
• the dilution provided by the groundwater to the effluent infiltrating through the 
soil matrix being inadequate. 
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The significant adverse impacts due to contamination of water sources by 
inadequately treated effluent are: 
• eutrophication and algal blooms 
• spread of diseases due to microbial or nitrogen contamination. 
 
Yates (1985) in a review of groundwater contamination by septic tanks has noted the 
following important conclusions: 
• septic tanks are the major contributors to groundwater pollution; 
• about 50% of the waterborne disease outbreaks in the US are due to the 
consumption of contaminated groundwater and septic tanks are the most 
frequently reported cause of the contamination; 
• septic tank density in an area is the most important factor influencing 
groundwater contamination. The US Environmental Protection Agency has 
designated areas with more than 16 systems per sq km. as regions of potential 
groundwater contamination.  
 
Reddy and Dunn (1984) in a three-year study of a catchment with a large number of 
septic tanks found significant concentrations of nitrate, phosphorus and chlorides in 
the groundwater. The area contained deep to moderately permeable soil underlain by 
granite. Hoxley and Dudding (1994) have presented the results of two studies 
undertaken in Victoria on groundwater contamination. In the first, groundwater 
contamination by septic tanks had resulted in a plume of nitrate, which would 
interact with the nearby Broken River. In addition significant bacterial contamination 
was also detected. In the second investigation, a shallow aquifer, which acted as both 
a water supply source as well as a repository for septic tank effluent, was found to 
have such high pollutant levels that it was no longer fit for human consumption 
without suitable treatment. In both instances, the authors have considered and 
discounted the possibility of microbial contamination from sources other than septic 
tanks. In both locations, the soils were low to moderately draining but interspersed 
with sand and gravel layers giving rise to shallow aquifers. Similarly DeWalle and 
Schaff (1980) have evaluated 98 well records obtained over a 30-year period in a 
437sq km area with a relatively high septic tank density. A gradual deterioration of 
groundwater and surface water quality was noted which could be directly attributed 
 78 
 
to sewage effluent discharges. In fact the median coliform values in streams were 
found to increase by 70% per year during the previous ten years. 
 
Though most of the research emphasis in this regard has been on groundwater 
contamination, surface water is not immune to this situation. Quite often surface 
water contamination results from the discharge of polluted groundwater. Harris 
(1995) investigating the contamination of coastal areas by pathogens and nutrient 
concentrations has estimated that about 55-85% of the nitrogen entering a septic tank 
is available to the groundwater. Furthermore it can be assumed that a significant 
percentage of this nitrogen is then discharged to surface water. Harris (1995) based 
on a number studies cited, has concluded that onsite wastewater disposal systems 
contribute at least 14% to the nitrogen budget of the inland bays in Delaware, USA. 
An extreme situation was Buttermilk Bay in Massachusetts, USA where it was 
estimated that 74% of the nitrogen entering the bay is from onsite sewage disposal 
systems and via groundwater discharge to the bay.  
 
A year long study undertaken by Beard et al. (1994) on four inland rivers in the 
North Coast of New South Wales found that faecal contamination was well above the 
Australian guidelines. The upstream catchment areas at two locations were urbanised 
with one area having main sewerage and the other, septic tanks. The other two 
catchments were also dependent on septic tanks with one area being high density 
rural residential and the other low density rural residential. Though all four sites 
exhibited surface water contamination, the difference in coliform counts between 
upstream and downstream monitoring sites was least significant for the sewered 
catchment. However these results are unfortunately not conclusive. It would well 
mean that some of the microbial contamination may have been due to animals. This 
could well be the case, based on the additional data provided by the authors and as 
shown in Table 5.1 below. The calculated mean coliform differential rate per 1,000 
residents was much higher for the rural low density residential area followed by the 
rural high density and then the urban residential area with septic tanks. 
 
Reneau et al. (1975) have evaluated the bacteriological quality of surface water and 
perched groundwater of a 80ha catchment. The soils were poorly drained and the 
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Table 5.1 – Mean coliform differential between upstream and downstream 
locations/1000 population (from Beard et al. 1994) 
 site mean coliform 
differential/1000 
population 
 urban sewered  190 
 urban septic 900 
 rural high density residential 1070 
 rural low density residential 1960 
 
area contained numerous failing septic systems. Sites not subjected to runoff from 
areas containing failing systems had a negligible coliform count, whereas the other 
sites where septic effluent was seeping to the surface had high faecal coliform 
counts. Contamination of the water originating in the catchment was particularly 
noticeable during or following a rainfall event when effluent was flushed by the 
movement of runoff over and through the soils into the surface waters. 
 
More extensive and long-term study on surface water contamination due to onsite 
wastewater disposal was undertaken by Martens and Warner (1991). A total of 12 
catchments were monitored in a 11 month long study, which included three control 
catchments, one conventionally sewered, three septic and four AWTS and one was a 
mix of septic and AWTS. A primary objective of this study was to compare the water 
quality of runoff from the different catchments. The main conclusions derived by 
Martens and Warner (1991) from the study were: 
• All stream channels draining catchments had high pollution levels except for 
limited periods of time. 
• The least affected were the control sites, followed by the sewered sites and then 
the AWTS sites. The septic tank areas were by far the worst. 
• In dry weather there was a progressive build up of contamination and wet 
conditions resulted in their flushing into the major watercourses. 
 
However some of these conclusions are open to question in view of the following 
observations: 
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• The ages of the different systems have not been mentioned in the study. The 
possibility would be that the average age of the septic tanks would be much more 
than the AWTS. This could well have resulted in comparing new AWTS with 
relatively old septic systems. This is important considering the fact the 
performance of the soil absorption area will deteriorate with time (Harman et al. 
1996). 
• The poor performance of the septic systems would well have been due to the 
inadequate design of some of the soil absorption systems rather than due to the 
treatment performance of the septic systems per se. This is important as some of 
the sites where septic tanks were located were classified as having soils of low 
permeability. 
• Though the study was conducted over 11 months, it appears that only three 
rainfall events were monitored. 
 
However despite these concerns, it can be concluded that onsite sewage disposal 
results in the contamination of surface water. Unfortunately issues such as nutrient 
enrichment of waterways does not always draw the attention of the public, the media 
or the decision-makers as the impacts are long-term and not always visible. It can be 
simply relegated as a concern for the environmental lobby. However waterborne 
disease outbreaks as a result of microbial contamination is a completely different 
situation. Its consequences are always unpleasant and sometimes fatal. It will 
invariably result in wide media coverage, adverse publicity and public concern. This 
situation arose in early 1997 in New South Wales when 444 people contacted ‘viral 
hepatitis A’. This is a highly infectious viral disease which attacks the cells in the 
liver. The common symptoms are anorexia, nausea, fever and jaundice. The disease 
outbreak was traced to the consumption of contaminated oysters from Wallis Lake in 
NSW. The oysters had been contaminated due to sewage overflows from failed 
septic tanks in the vicinity of the lake. 
 
In a subsequent legal action, the Federal Court of Australia held the Great Lakes 
Council and not the individual houseowners responsible for the disease outbreak. 
This decision was based on the premise that the council was long aware of the 
contamination of the lake by sewage overflows and of the source of this 
contamination, but no remedial action had been taken (Ryan v Great Lakes Council 
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1999 FCA 177). In the evidence cited in this court case a number of other waterborne 
disease outbreaks due to sewage contamination have been noted. Among the 
incidents cited were: 
• An outbreak of gastroenteritis involving at least 2,000 people in June 1978, 
which was traced to the consumption of oysters grown in Georges River, Sydney. 
• Some 1,200 people suffered gastroenteritis in the summer of 1989/90 in NSW. 
• A viral outbreak in the Tweed River area in August/September 1996. 
 
It is unfortunate that incidents such as the above have to occur to draw the attention 
to the serious implications of onsite sewage treatment system failure. This situation is 
not due to the lack of relevant research and investigations. The direct link between 
septic tank density and groundwater contamination was noted by Yates (1986). 
Similarly case studies relating onsite sewage disposal to surface water and 
groundwater contamination have been undertaken for example by Bouma et al. 
(1972), DeBorde et al. (1998), Harris (1995), Hoxley and Dudding (1994), Martens 
and Warner (1991), Robertson et al. (1991). Furthermore considerable research has 
been undertaken on the fate and transport mechanisms of various pollutants in 
sewage effluent subjected to onsite disposal. The following section provides a brief 
overview of the relevant processes involved. 
 
 
5.3 Fate and Transport Processes of Pollutants 
 
A properly functioning soil absorption field will retain most of the microorganisms 
and phosphorus in the effluent. However the nitrogen after conversion from 
ammonia-nitrogen to nitrate-nitrogen will disperse easily through the soil as a 
suitable environment for denitrification is generally not available. In these 
circumstances dilution by groundwater is the only option available to mitigate the 
harmful impacts of nitrogen enrichment (Bouma et al. 1972; Kristiansen 1981a, 
Miller & Wolf 1975; Reneau et al. 1989; Walker et al. 1973a,b). Practical methods 
for the large scale removal of nitrogen is non existent. Removal by denitrification 
requires an anaerobic environment and an adequate energy source for the denitrifying 
bacteria. It is difficult to provide these conditions in a soil absorption bed. Removal 
by vegetation requires large areas, which may not be practical in an urban area 
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(Gardner et al. 1997). Soil immobilisation is only a temporary arrangement 
(Kristiansen 1981a; Lance 1972). 
 
Walker et al. (1973a) found that the average contribution of nitrogen to the 
groundwater from onsite treatment was in the region of 8.2kg/person/year. This 
nitrogen load would act as a point source to the groundwater through the relatively 
small seepage bed. Walker et al. (1973b) investigated four sites on well-drained 
sandy soils for nitrogen enrichment of the groundwater. They have estimated that an 
area of about 0.2ha down gradient is needed for the nitrogen concentration to reach a 
level lower than 10mg/L. This is the limit specified by Australian guidelines for safe 
drinking water as higher levels can cause methemoglobinemia in infants (ANZECC 
1992). 
 
The contamination of shallow aquifers by sewage effluent has been noted by 
numerous investigators (Hagedorn et al. 1981; Harman et al. 1996; Hoxley & 
Dudding 1994; Reddy & Dunn 1984; Viraraghavan 1978). This not only refers to 
nitrogen contamination, but also to phosphorus and microbial contamination. 
Research into the efficiency of pollutant removal in soil absorption systems has 
resulted in sometimes contradictory research conclusions. As extensive study on the 
purification efficiency of 19 soil absorption systems was undertaken by Bouma et al. 
1972). They concluded that septic tank-soil absorption systems, which exhibited 
proper hydraulic functioning also, served to purify sewage effluent. The large 
population of microorganisms present in the effluent was reduced to levels associated 
with control soil samples within a few centimetres of the percolation trench. Similar 
observations were also reported for example by Brown et al. (1979) and Alhajjar et 
al. (1988). Also with regards to phosphorus similar results have been reported for 
example by Reneau (1979), Reneau et al. (1989), Viraraghavan and Warnock (1976). 
However using laboratory columns containing coarse sand Parker and Carbon (1981) 
found that faecal bacteria were present in the effluent at a depth of 1.8 m below the 
surface. As there is no mention of the soil being sterilised prior to use, there is a 
possibility that the soil could have already been contaminated prior to use.  
 
Also one of the primary conditions for attaining a high level of removal of microbial 
contaminants is the presence of an unsaturated zone below the clogging mat (Bouma 
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1972; Hagedorn et al. 1981; Reneau et al. 1989). Therefore in the case of poorly 
drained soils or due to hydraulic overloading it may not be possible to attain 
unsaturated conditions below the clogging mat. As Hagedorn et al. (1981) has 
pointed out, microorganisms present in effluent have the potential to penetrate 
saturated soil, and under certain favourable conditions is transported various 
distances through the soil. The risk of viral contamination of groundwater by onsite 
sewage treatment systems is highest in coarse grained soils and at high water table 
(Scandura & Sobsey 1997). Furthermore Rahe et al (1978) using a simulated effluent 
disposal field found that the bulk of bacteria transported through the soil occurred in 
specific depth zones. The primary transmitting zone was directly above the water 
restricting layer in one site and near the surface at another site. As bacterial 
translocation was largely confined to specific zones, Rahe et al. (1978) concluded 
that these highly permeable areas actively represented regions, which contained a 
large number of macropores, and that the partial displacement through these pores 
accounted for the rapid flow rates. 
 
Based on a literature review, Romero (1970) has concluded that a travel distance of 
15 to 30m would be sufficient for the removal of biological contaminants under 
saturated conditions. However there are numerous studies which report more 
extensive travel distances (Hagedorn et al. 1981). Similarly there is evidence of 
nutrient travel over long distances and enrichment of groundwater aquifers despite 
research conclusions to the contrary (DeBorde et al. 1998; Harman et al. 1986; 
Reddy & Dunn 1984; Robertson et al. 1991; Sinton 1986). 
 
Hagedorn et al. (1981) has compared the travel distances reported by a large number 
of researchers on microbial transport through soil. The results indicate large variation 
and some of the results indicate very large distances in sand or gravel and long 
survival times. Sinton (1986) recorded the movement of faecal coliforms 9m from a 
5.5m deep soakage pit into an unconfined aquifer and 42m from an 18m deep 
injection bore into a confined aquifer. The use of deep soakage pits in the case of low 
permeability soils is prevalent in New Zealand. As viruses are electrically charged 
colloidal particles DeBorde et al. (1998) have attributed the long-term survival of 
viruses to the adsorption by soil particles and subsequent desorption and re-entry into 
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groundwater flow. The following conclusions can be derived with regards to 
microorganism travel and removal mechanisms: 
• Microorganisms will move only a few centimetres with the percolating water 
under unsaturated conditions, but much greater distances are possible under 
saturated conditions. 
• With all soil water conditions, the degree of microbial retention by the soil is 
inversely proportional to the size of the component particles in the unstructured 
matrix. 
• Filtration of organisms by soil particles is the main limitation to travel through 
soil. 
• Sedimentation of bacterial clusters occurs through the zone of saturation. 
• Adsorption is important in the retention of microorganisms by soil and becomes 
more important as the clay content increases. 
• Increasing the flow rate does not affect virus adsorption until some breakthrough 
rate is reached and thereafter virus adsorption is reduced. 
• Death of microorganisms play an important role during longer retention periods 
or unsaturated flow conditions 
(Hagedorn et al. 1981; Lance 1978; Reneau et al. 1989). 
 
According to research literature the transport of biological and chemical pollutants 
over long distances are not necessarily confined to poorly drained soils. This type of 
situation has also arises in the case of well-drained sandy soils. Whelan and Barrow 
(1989a,b) found that effluent nitrogen apart from that removed by vegetation moved 
unchanged in concentrations into the groundwater largely in the nitrate form. This 
was not surprising and the process involved in respect to effluent nitrogen has 
already been discussed above. However what is important to note in the study was 
the soil pH change associated with the oxidation of ammonia to nitrate. The soil pH 
below the oxidation zone was low, but above it was high. These differences in pH 
impact on the retention of phosphates in the soil column. Above the zone of 
oxidation and the high pH, phosphate is removed by the formation of a phosphate 
precipitation reaction. However below it, the most likely reaction for removal is 
sorption. The primary sorbing surfaces are calcium carbonate, iron and aluminium 
hydroxide soil coatings and solid organic carbon in the soil (Harman et al. 1996; 
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Sikora & Corey 1976). Therefore as Whelan and Barrow (1984a,b) have noted, soils 
have a finite capacity for the sorption of phosphorus. Once this capacity is exceeded, 
the phosphorus discharged into the soil absorption field will not be retained but will 
gradually move into the groundwater or to other soil outside the defined field. This 
phenomenon will eventuate in any soil absorption system after a period of time and 
depending on the soil characteristics. 
 
Robertson et al. (1998) have further refined this concept by concluding that the 
oxidation of sewage effluent will lead to acidic conditions only in non-calcareous 
soils or beneath old septic systems where soil calcium carbonate had been depleted. 
They have further noted that the phosphate plume migration velocity in groundwater 
appear to be controlled by sorption processes, but the phosphate concentration 
present in the plume is strongly controlled by the precipitation reactions that occur in 
close proximity to the effluent infiltration pipes. The long-term persistence of 
phosphorus in the soil has been confirmed for example by Harman et al. (1996), 
Robertson et al. (1991, 1998) and Viraraghavan and Warnock (1976). 
 
The relatively high mobility of phosphorus in sandy soils has also been observed by 
other researchers. Robertson et al. (1991) investigated the septic systems at two 
single-family homes located on shallow unconfined sand aquifers. They noted that 
effluent discharge into the soil resulted in distinct plumes of polluted groundwater 
with low transverse dispersion. Sikora and Corey (1976) have confirmed these 
observations noting that phosphorus contamination of groundwater is to be expected 
primarily in sandy soils low in organic matter, soils with high water table or shallow 
soils. This essentially refers to situations where the sorption capacity of the soil is 
limited. 
 
Also another process that contributes to inadequate effluent treatment and transport 
of pollutants is the formation of a groundwater mound below an effluent disposal 
bed. This situation can commonly arise in the case of shallow permeable soil 
underlain by an impervious layer. A typical arrangement is illustrated in Figure 5.1 
below. 
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Figure 5.1 – Groundwater mound beneath an effluent disposal field 
(adapted from Finnemore 1993) 
 
These mound shaped zones of saturation can reduce or even eliminate the treatment 
that occurs in the unsaturated soil zone above. Depending on the soil characteristics 
and the design of the effluent disposal system, the water table beneath the discharge 
area could rise high enough to reduce the unsaturated zone depth and the treatment it 
provides or even short-circuit entirely. This essentially is the result of the effluent 
application rate exceeding the infiltration capacity of the permeable soil layer. 
Several numerical models have been developed to predict groundwater mounding. 
However considering their complexity and extensive parameter requirements it is 
unlikely that those models would find widespread usage in the near future. (Daniels 
& Fritton 1994; Finnemore 1993; Wilson et al. 1987). Beavers and Gardner (1993) 
have developed a simple model to predict virus transport through soil. This is based 
on travel time and soil parameters such as saturated hydraulic conductivity, effective 
aquifer porosity and hydraulic gradient. 
 
 
5.4 Design Implications 
 
Considering the research outcomes discussed above, the most important conclusion 
that can be derived is that it is not only important to ensure that the soil absorption 
system is designed based on subsurface conditions, but also the density of these 
systems in a given area is a critical issue. This is based on the fact that even under 
suitable subsurface conditions only phosphorus and pathogens will be removed 
whilst nitrogen is dependent on dilution in groundwater or surface water to attain 
concentrations not harmful to human health. Under unfavourable subsurface 
conditions, the limited ability of soil to remove phosphorus and the relatively long 
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travel distances and survival times of pathogens have been noted. As such the 
inherent problems in this type of situation can only be eliminated by ensuring that 
adequate dispersion and dilution takes place. This essentially involves the adoption 
of a land capability approach to determine the limitations of an individual site for 
onsite sewage effluent disposal (Geary 1987). The most limiting factor at a particular 
site determines the overall capability classification for that site. This design 
philosophy was adopted by Geary (1987) in defining onsite wastewater disposal 
options for the Mt Lofty Ranges in South Australia and Geary (1993) for Nimbin in 
New South Wales. However this approach does not eliminate the need to ensure that 
the effluent disposal area is adequate to prevent surface water and groundwater 
contamination and transport of pollutants to neighbouring properties. Martens and 
Warner (1995) in their study on five individual home blocks for three different soil 
types have noted the following important conclusions: 
• The effluent disposal area is critical for successful infiltration of effluent and the 
area size would depend on the soil characteristics. 
• The effluent disposal method should be decided on soil characteristics. 
 
 
6. CONCLUSIONS 
 
The provision of reticulated sewerage facilities has not kept pace with the rapid 
expansion in urbanisation. As such onsite sewage treatment has become an integral 
feature in urban fringe areas. However evaluation studies have shown that the 
treatment performance of septic tanks as well as aerobic systems can be highly 
variable and quite often do not comply with stipulated guidelines. One of the main 
reasons that can be attributed for the unsatisfactory performance of any onsite 
sewage treatment system is their vulnerability to the operation and maintenance 
practices adopted by the individual householder. This is further compounded by the 
fact that most householders are unaware of the correct operational procedures and the 
adverse environmental and public health impacts that system failure can cause. 
Stringent compliance requirements alone cannot remedy this situation as the 
efficiency with which the compliance processes is undertaken will ultimately rest 
with the individual householder. Appropriate householder education should also be 
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considered to enhance compliance requirements. The other problems identified with 
unsatisfactory treatment performance include inadequate system design, poor siting 
and system selection.  
 
The efficiency of onsite sewage treatment ultimately depends on the safe and 
hygienic disposal of the final effluent. Subsurface disposal is the most common 
approach. Hence the subsurface characteristics of the disposal area are among the 
most important parameters governing the treatment performance. Therefore it is 
important that these relevant factors are taken into consideration in system design. 
This also includes taking into account the clogging mat that eventually forms at the 
infiltrative surfaces of the disposal area. The clogging mat, particularly in the case of 
highly permeable soils contributes significantly to the effluent renovation process. It 
is a very effective filter and helps to maintain unsaturated flow conditions below the 
seepage bed. However the formation of the clogging mat can lead to a significant 
reduction in the infiltration rate and even failure of the soil absorption bed. Therefore 
it is imperative that adequate measures are adopted to mitigate its adverse 
consequences. Numerous strategies such as dosing, use of alternating systems, 
improved effluent pretreatment and bed replacement and oxidation have been 
suggested. Unfortunately the outcomes of research undertaken in this regard are 
often contradictory. This to a great extent can be attributed to the large number of 
variables and in particular the soil characteristics influencing the treatment process. 
This is an area that merits further investigations. 
 
The surface application of effluent from aerobic systems is currently gaining in 
popularity. However this practice should be viewed with caution due to the 
unreliability of treatment performance of aerobic systems. This is further exacerbated 
by the fact that most householders are unaware or unwilling to abide by the 
compliance requirements relating to the proper maintenance of the spray equipment 
and/or the irrigation area. The same concerns also apply in the case of surface reuse 
of greywater. In most local authority areas in Queensland, the only treatment process 
stipulated for greywater is the removal of oil and grease using a grease trap. 
Greywater can contain sufficient pollutants including pathogens to be considered to 
be a weak to medium sewage. In these circumstances the subsurface disposal of all 
wastewater is the most feasible strategy.  
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Soil is excellent treatment medium if suitable conditions are present. However even a 
properly functioning soil absorption bed will generally retain only microorganisms 
and phosphorus. Nitrogen, which will eventually seep into the groundwater, is 
dependent on dilution for reducing harmful concentrations. Under the conditions of 
soil absorption system failure, microorganisms and phosphorus too have been known 
to travel relatively long distances. Also there is a finite capacity to the removal of 
phosphorus by soil. Once this capacity is exceeded, phosphorus too will seep into the 
groundwater. There are numerous reported instances of groundwater and surface 
water contamination by effluent from onsite sewage treatment systems. This includes 
incidents of waterborne disease outbreaks. In a recent incident in New South Wales, 
the Federal Court has set the precedent of holding the local authority liable for failure 
to take remedial action on failures of soil absorption systems. 
 
An important factor leading to potential water pollution from sewage effluent is the 
density of effluent disposal systems in a given area. Secondly, the areas available for 
effluent disposal and the disposal method also play a crucial role. These parameters 
should be decided based on soil characteristics. It is in this context, that a land 
capability approach has been recommended to determine the limitations of onsite 
sewage effluent disposal and to assist in system selection and design. 
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